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DEJIXLOPJ!JEIJT AND DESIGN OF AN 
ISOTOPE-HEATED CATALYTIC OXIDIZER 
TRACE CONTAMINANT CONTROL SYSTEM 
By Thomas M. Olcott  
Biotechnology 
Lockheed Missiles & Space Company 
SUMMARY 
A program was conducted which resul ted i n  the development and detai led 
design of pre- and post-sorbent beds t o  be included i n  the Isotope-Heated 
Catalytic Oxidizer System (IHCOS) and the detai led design of the ca t a ly t i c  
oxidizer with a r e s i s t i v e l y  heated simulated isotope. Preliminary design of 
the  ca ta ly t ic  oxidizer had been accomplished under NAS 1-6256 and i s  reported 
i n  NASA CR 66346 and CR 66347. 
The contaminant load developed i n  NAS 1-6256 and data from recent manned 
simulator t e s t s  and outgassing and degradation studies of materials were re- 
viewed t o  develop a contaminant load for  the pre- and post-sorbent beds. The 
contaminants selected were those contaminants known t o  be poten t ia l ly  poison- 
ous t o  ca ta lys t  a c t i v i t y  and those contaminants t h a t  might decompose and be 
oxidized t o  harmful products. 
Based on the contaminants selected as poten t ia l  poisons a pre-sorbent 
bed was designed t h a t  would protect  the  ca ta lys t  from poisoning. The pre- 
sorbent bed design e f f o r t  included a survey of candidate sorbent materials 
t o  es tabl ish those most sui ted f o r  use as a pre-sorbent material .  Laboratory 
investigations were then conducted with the candidate sorbents t o  ve r i fy  the 
conclusions of the  l i t e r a t u r e  survey and t o  a s s i s t  i n  the select ion of the 
pre-sorbent material .  Lithium hydroxide was selected fo r  the pre-sorbent 
material. The s iz ing of the  pre-sorbent bed was then accomplished by 
establishing the stoichiometric quant i ty  of l i thium hydroxide required t o  
remove the  poisonous contaminants and by establishing t h a t  t he  dynamic per- 
formance of the required quant i ty  of l i t h i u m  hydroxide would be sat isfactory.  
I n  establishing the configuration of t h i s  bed a trade-off w a s  made between 
the  weight penalty due t o  the  bed and canis ter  f ixed weight and the weight 
penalty associated with the fan head r i s e  required f o r  flow. T h i s  resul ted i n  
select ion of an optimum bed geometry. 
To determine the  pre-sorbent bed requirements, it was necessary t o  
assess the a f f e c t s  of the charcoal main sorbent bed on the poisonous contami- 
nant load reaching the pre-sorbent bed. To do t h i s ,  a regenerative charcoal 
main sorbent bed system, su i tab le  f o r  the  proposed mission, was postulated 
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and i ts  a f f ec t  on the  contaminant load was assessed. 
Following t h e  design of the  pre-sorbent bed, a long term sorbent bed 
evaluation t e s t  was i n i t i a t e d .  The tes t  was conducted with the  apparatus t h a t  
was used t o  conduct t h e  180 day ca ta lys t  performance tes t  under NAS 1-6256. 
This apparatus was modified t o  include model pre- and post-sorbent beds as 
well as amodel regenerative charcoal bed system. The t e s t  was conducted i n  
three phases. The first phase was directed towards confirming ca ta lys t  per- 
formance and assessing the  a b i l i t y  of t he  pre-sorbent bed t o  protect  the  
ca ta lys t  from potent ia l  poisons. The second phase of the t e s t  investigated 
the  production of undesirable products of oxidation. During t h i s  phase of the 
test the candidate undesirable products of oxidation were ident i f ied  and a 
post-sorbent bed design was evolved. "he post-sorbent bed design e f fo r t  was 
conducted i n  a m a n n e r  similar t o  t h e  pre-sorbent bed. The selected post- 
sorbent mater ia l  was li thium hydroxide. The f i n a l  phase of the long term 
sorbent evaluation t e s t  was t o  es tab l i sh  the a b i l i t y  of the post-sorbent bed 
t o  control t he  undesirable products of oxidation. 
Development a c t i v i t i e s  re la ted  t o  t h e  isotope heat source were conducted 
and were i n i t i a t e d  by establ ishing heat source material  specif icat ions and 
a materials t r aceab i l i t y  program. Based on these specifications and the 
t r a c e a b i l i t y  program, materials were purchased f o r  fabr icat ion and joining 
t e s t s  and in te rd i f fus ion  experiments. 
Fabrication and joining techniques were evaluated f o r  all heat source 
materials with spec i f ic  weld and fabricat ion procedures developed fo r  each 
j o i n t  type. Weld samples were sectioned i n  several  d i f fe ren t  areas and 
examined metallographically. Photomacrographs and photomicrographs were 
taken t o  determine weld penetration and in tegr i ty .  Two pyrolytic graphite 
she l l s ,  sized t o  encapsulate the noble metal clad capsule were fabricated 
and examined. Following the joining and fabricat ion t e s t s ,  experiments were 
conducted t o  determine the  extent of interdiffusion and compatibility between 
the  isotope heat source mater ia ls  of construction. The amount of i n t e r -  
diffusion occuring a t  a l l  material  interfaces  was experimentally determined 
a f t e r  15 days and 60 days a t  800°F and 15OOOF using metallography and 
electron microprobe analyses. The data  were extra,polated t o  two year 
dwations.  Short duration compatibility between pyrolytic graphite and 
s t a in l e s s  s t e e l  near and above the  eu tec t ic  temperature w a s  investigated. 
A review of heater design and fabricat ion techniques was conducted and 
resul ted i n  t h e  select ion of two heater designs f o r  t e s t  evaluation. Two 
heaters of each design were fabricated and tes ted  successfully i n  a simulated 
capsule environment f o r  30 days t o  ascer ta in  thermal performance during 
operation. After tes t ing ,  t he  composite heater specimens were sectioned and 
examined microscopically. Measurements were made of the  width o f t h e  
diffusion zone between the  l i n e r  material  and t h e  heater sheath. 
These s tudies  revealed t h a t  the  heater sheath, capsule and l i n e r  materi- 
als a r e  compatible i n  both configurations. The sheathed he l i ca l  heater un i t  
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was selected because it allows b e t t e r  simulation of the isotope f u e l  weight 
and a b e t t e r  closure of the leads leaving the s t ruc tu ra l  module. 
An experimental evaluation of both the  so l id  Johns Manville "Min K" in- 
sulat ion and the  vacuum insulat ion was conducted. A simplified configuration, 
representing an accurate thermal model, of t he  Johns Manville insulation w a s  
evaluated f o r  180 days. During t h i s  period both normal and emergency con- 
d i t ions  were investigated. The insu la t ion  performance was b e t t e r  than anti- 
cipated resu l t ing  i n  a reduction i n  the  required insulat ion thickness from 
1.5 t o  1.0 inches. The vacuum insu la t ion  canis te r  was tes ted  f o r  52 days and 
r e su l t s  of t h i s  evaluation indicated t h a t  the vacuum insulat ion was infer ior  
t o  the so l id  insulat ion.  The so l id  insu la t ion  was selected f o r  the f i n a l  
design. 
The detai led design of t he  isotope heated ca t a ly t i c  oxidizer system 
included a s t r e s s  analysis of the main s t ructure  and a review of the  thermal 
character is t ics .  Following th i s ,  detai led design drawings fo r  the en t i r e  
system were prepared. The r e s i s t i v e l y  heated u n i t  is, insofar as possible, 
an exact duplicate of the radioisotope - fueled unit except t h a t  the  thermal 
power i s  obtained from a r e s i s t i v e l y  heated element located i n  the fue l  
cavity,  and heater element and thermocouple leads pass through the  heat 
exchanger cor e. 
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INTRODUCTION 
The development of a f l i g h t  qual i f iable  isotope-heated ca t a ly t i c  oxi- 
dizer  f o r  control of t r ace  contaminants was i n i t i a t e d  under Contract NAS 1- 
62.56. T h i s  contract  between the  Lockheed Missiles & Space Company (LMSC) with 
TRW Systems as a major subcontractor, and the  NASA - Langley Research Center 
resulted i n  engineering layout drawings of the selected approach and long 
term t e s t ing  of a model system. The r e su l t s  of t h i s  e f fo r t  are  described i n  
NASA CR 66346, NASA CR 66347 and NASA CR 66497. The tasks accomplished under 
NAS 1-6256 included the  following: 
o Mission Definit ion 
o Contaminant Load Definit ion 
o Isotope Selection 
o Catalyst Selection 
o Catalyst Performance Tests 
o Analysis and Optimization 
o Design Layout Drawings 
o Development Plan 
Following the  conclusion of this program, the  NASA - Langley Research 
TRW Systems was also a major subcontractor i n  t h i s  additional 
Center directed LMSC t o  continue t h i s  development program under Contract 
NAS 1-7433. 
e f for t .  The program conducted under NAS 1-7433 i s  reported herein and dea l t  
with additional development of the  isotope-heated catalytic oxidizer system 
including detai led design of a unit u t i l i z ing  a r e s i s t i ve ly  heated simulated 
isotope and development and detai led design of pre- and post-sorbent beds. 
The tasks  involved i n  this program are  shown below and are described i n  de- 
t a i l  i n  t h i s  report. 
o Contaminant load def in i t ion  for  the  pre- and post-sorbent 
beds. 
o Design and fabr ica t ion  of a model pre-sorbent bed. 
o Long term sorbent bed evaluation. 
Design and fabr ica t ion  of a model post-sorbent bed. 
Detailed design of f u l l  s c d e  pre- and post-sorbent beds. 
Specifications f o r  the  isotope heat source mater ia ls  of 
construct ion. 
Joining and fabr ica t ion  t e s t s  on the isotope heat source 
materials of construction. 
Fabrication and evaluation of t h e  t e s t  heater t o  be used i n  
the simulated isotope heat source. 
Compatibility t e s t s  t o  determine the extent of in te rd i f fus ion  
between the graphite reent ry  aid and the  noble metal cladding. 
Fabr i ca tbn  and evaluation of the thermal insulat ion t o  be 
used i n  the  isotope-heated ca t a ly t i c  oxidizer. 
Detailed design of t he  isotope-heated ca t a ly t i c  oxidizer 
including the r e s i s t i ve ly  heated simulated isotope heat 
source. 
Information r e l a t ing  t o  the  l i n e r  mater ia l  and fabricat ion techniques 
and the  strength member fabricat ion techniques are  described i n  a c lass i f ied  
summary of this report .  
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PRE- AND POST-SORBENT CONTAMINANT LOAD DEFINITION 
The contaminant load f o r  the IHCOS pre- and post-sorbent beds i s  based 
on data obtained from t h e  contaminant load defined i n  the  Study and Prelim- 
inary Design of an Isotope-Heated Catalyt ic  Oxidizer System, NAS 1-6256 
( r e f .  l), recent manned simulator t e s t s ,  and outgassing and degradation 
s tudies  of candidate materials l i k e l y  t o  be used on space s ta t ions.  The con- 
taminants selected were those contaminants known t o  be poten t ia l ly  poisonous 
t o  ca ta lys t  a c t i v i t y  and/or those t h a t  can be decomposed and oxidized t o  
harmful products. A l i s t  of these contaminants i s  presented i n  Table 1, which 
includes: (1) contaminant orgin; ( 2 )  whether contaminant i s  considered a 
poten t ia l  ca t a lys t  poison; ( 3 )  whether contaminant i s  considered a poten- 
t i a l  producer of undesirable products; (4) design production rate;  and, (5) 
m a x i m u m  allowable concentration, values tha t  a r e  appropriate for  a mission 
duration of 180 days. 
Selected Contaminants 
The majority of the  contaminants selected were obtained from a review of 
the  contaminant load def in i t ion  conducted during Phase I of  the  IHCOS Program 
(NAS 1-6256). The Phase I IHCOS Study resulted i n  a l i s t i n g  of 150 contami- 
nants t h a t  might ex i s t  i n  a spacecraft atmosphere. The contaminants were de- 
rived from a l i t e r a t u r e  search of the following sources: (1) chemical anal- 
y s i s  of outgassing products from space cabin qualified materials reported by 
Lockheed W s s i l e s  & Space Company ( re f .  2), North American Aviation ( re f .  3 ) ,  
and Minneapolis Honeywell ( re f .  4); ( 2 )  contaminants detected i n  the AF Bio- 
s a t e l l i t e  30-day t e s t  ( re f .  6); (4) contaminants reported by Toliver and 
Morris i n  the manned 30-day t e s t  a t  the  AF Aerospace Medical Research Labora- 
t o r y  ( re f .  7); (5) contaminants detected i n  a 27-day manned t e s t  a t  the AF 
School of Aerospace Medicine ( re f .  8); (6)  contaminants detected during 
Apollo breadboard t e s t ing  ( re f .  9 ) ;  and, (7)  candidate contaminants t h a t  
might be generated from experiments onboard space s ta t ions  such as MORL and 
AES ( re f .  10). 
Activi t ies  reviewed fo r  additional candidate contaminants during this 
e f fo r t  include: (1) recent environmental chamber t e s t s  such as the  Langley 
ILSS t e s t s  ( re f .  11) and Lockheed Missiles & Space Company Five-Day Lunar 
Shelter and Extravehicular Manned Test (Ref. 12); (2)  space cabin material 
outgassing reported by Pustinger and Hodgson f o r  t he  Aerospace Medical Re- 
search Laboratories ( r e f .  13); and ( 3 )  chlorinated hydrocarbons i n  closed en- 
vironment atmospheres reported by R. Saunders i n  the  5 th  Annual Progress Re- 
port: The Present Status of Chemical Research i n  Atmosphere Purif icat ion and 
Control on Nuclear-Powered Submarines by Naval Research Laboratory (ref .  14) .  
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NOTES FOR TABLE 1 
(1 ) Design production r a t e  includes 9 men metabolic production r a t e  plus equip- 
ment production r a t e s  scaled from Apollo s tudies  by North American Avia- 
t ion.  
secondary contaminants are  assumed t o  be produced a t  0.25 grams per day. 
Primary contaminants a re  assumed t o  be produced at  2.5 gms/day and 
( 2 )  The ffmaximum allowable concentrationft r e f e r s  t o  the contaminant concen- 
t r a t ions  appropriate f o r  m a n  allowing a continuous exposure up t o  180 
days. Values are obtained from reference (A). Other values not included 
i n  reference (A) a re  l i m i t  values taken as 0.1 of the Threshold Limit 
Value (TLV) f o r  1965, American Conference of Government Indus t r ia l  
Hygienists, May, 1965. 
System for  Apollo, Phase I, LMSC M-58-65-1, March 15, 1965. 
(3) LNSC R&D S taf f  Design and Fabrication of a "race Contarninant Removal 
(4)  Ibid, Phase 11, LMSC M-58-65-2, November 23, 1965. 
( 5 )  Ibid, Phase 111, LMSC M-58-65-3, April  14, 1966. 
(6) R. H. Johns et.al . ,  Catalyt ic  Combustion of Atmospheric Contaminants i n  
Space Vehicle Atmospheres, AFF DL-TR-65-46, Atlantic Research Corpora- 
t ion,  May, 1965. 
( 7 )  T. M. Olcott, Study and Preliminary Design of an Isotope-Heated 
Catalytic Oxidizer System ( U ) ,  NASA, Langley Research Center, NASA 
CR-66346, 1967. 
(8) J. G. Christian, flCatalytic Combustion of Freonstf, 2nd A n n u a l  Progress 
Report: The Present S ta tus  of Chemical Research i n  Atmosphere Purifica- 
t i o n  and Control on Nuclear-Powered Submarines. Edited by V. R. P i a t t  
and J. C. White. NRL 5814, August 29, 1962. 
(9) J. G. Christ ian,  "Hopcalite Catalyzed Combustion'f, 3rd Annual Progress 
Report: The F'resent Status  of Chemical Research i n  Atmosphere Purifica- 
t i o n  and Control on Nuclear-Powered Submarines. Edited by H. W. Carhart 
and V. R. P i a t t ,  NRL 6053, December 31, 1963. 
:lo) J. E. Johnson, "Organic Contaminants-Sources, Sampling, and Analysis,tf 
4th Annual Progress Report: The Present Status  of Chemical Research i n  
Atmosphere Purif icat ion and Control on Nuclear-Powered Submarines. 
Edited by L. B. Lockhart, Jr. and V.  R.  P i a t t ,  NRL 6251, March 23, 1965. 
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(1 1 ) F. S. Thomas, Personal communications, U. S. Naval Research Laboratory, 
Washington, D. C. 
(12) Warren Spring Laboratory, "A Study of t h e  Decomposition of Freon 12  i n  
the  Presence of Metals and Supported Platinum Catalysts," Department of 
S c i e n t i f i c  and Indus t r i a l  Research, Report No. CRR/CE/13, January, 1964. 
Stevenage, Herts., England. 
(13) R. H. Johns and M. R. Bourn, Wataly t ic  Oxidation of Selected Contami- 
nants i n  Closed Breathable Atmospheres,fq Atlant ic  Research Corporation, 
Alexandria, Virginia, November, 1966. 
(14) J. M. Church and J. H. Mayer, "S tab i l i ty  of Trichlorofluoromethane i n  
the  Presence of Moisture and Certain Metals," Journal of Chemical Engi- 
neering Data, vol. 6, n0.3, July, 1961. 
Chlorofluoromethanes," Chemical Society Journal, pp. 2368-72, 1957. 
(15) A. B. Trenwith and R. H. Watson, "The Thermal Decomposition of the 
(16) E. I. DuPont deNemours & Company, "Thermal S t a b i l i t y  of 'Freon' 
Compounds,ll Freon Products Division. Report No. B-33. 
(17)  E, B, Maxted, "The Poisoning of Metallic Catalysts," Advances i n  
Catalysis edited by W. G. Frankenburg, e t .a l . ,  Volume 111, Academic 
Press, Inc., New York, 1951, pp. 129-176. 
(18) P. H. Emmett, Catalysis, Vol. V I I ,  Reinhold Publishing Corporation, 
New York, 1960. pp. 281-346. 
(19) A. F. Pla te  and N. A. Belikova, Poisonous Action of Some Silanes on 
Platinum Catalyst ,  Zhur. Obschey. Khim. 27, pp. 2469-73, 1957. 
( 2 0 )  R. H. Savage, Poisoning of Platinum Catalysts a t  High Temperature, J. 
Chemical Physics, 16, pp. 237-40, 1948. 
(A) T. M. Olcott, Study and Preliminary Design of an Isotope-Heated 
Catalyt ic  Oxidizer System ( U ) ,  NASA, Langley Research Center, NASA 
CR-66346, 1967. 
( B )  J. V. Pustinger, Jr. and F. N. Hodgson, Ident i f ica t ion  of Volat i le  
Contaminants of Space Cabin Materials, Aerospace Medical Research 
Laboratories, Aerospace Medical Division, A i r  Force Systems Command, 
Wright-Patterson AFB, Ohio, mL-rn-67-58, June, 1967. 
(C) R. A. Saunders, "Chlorinated Hydrocarbons i n  Closed-Environment Atmos- 
pheres," 5 th  Annual Progress Report: The Present S ta tus  of Chemical Re- 
search i n  Atmosphere Purif icat ion and Control on Nuclear-Powered Sub- 
marines, Edited by A. L. Alexander and V. R .  P i a t t ,  NRL 6491, 
January 11, 1967. 
Potent ia l  Catalyst  Poisons 
The se lec t ion  of po ten t ia l  ca t a lys t  poisons was accomplished a f t e r  a 
review of experimental s tudies  on ca ta lys t  deactivation. Low temperature con- 
version performance t e s t  s tudies  ( r e f .  15) a t  IXSC with hydrogen sulf ide 
were reported showing the deactivation of unprotected 0.5% palladium ca ta lys t  
a f t e r  18 days of exposure. Additional t e s t s  during this same program indi-  
cated t h a t  with Freon-12, vinyl chloride, and methyl mercaptan i n  the  gas 
stream, a shift i n  temperature as great as  1800F was required t o  maintain a 
given oxidation eff ic iency fo r  0.5% palladium catalyst .  
Experiments a t  Atlant ic  Research have shown p a r t i a l  ca ta lys t  deactivation 
with Hopcalite, palladium, ruthenium, and cobalt  oxide resu l t ing  from exposure 
t o  Freon 12, methyl chloride, and hydrogen sulf ide ( re f .  16). 
The deactivation eff.ects of cycl ic  s i lane  compounds on platinum 
ca ta lys t s  were reported both by R. H. Savage ( re f .  17), and A. F. P la te  and 
N. A. Belikova ( re f .  18). 
Tests by U. S. Naval Research Laboratory (NRL) on Hopcalite ca ta lys t  
have indicated tha t  water vapor present i n  the gas stream required a n  in -  
crease i n  ca ta lys t  bed temperature f o r  successful performance ( r e f .  19) .  
More recently, during the 180-day IHCOS long term ca ta lys t  t e s t ,  it was ob- 
served t h a t  water vapor i n  the gas stream required an increase of l40OF i n  
ca ta lys t  bed temperature t o  maintain the desired oxidation eff ic iency 
(ref.  I ) .  
Poisoning of platinum ca ta lys t s  has been demonstrated by nitrogen com- 
pounds, especial ly  by ammonia, saturated amines, and cyanide. In  a wet gas 
stream, the deactivation e f fec t  of the nitrogen compounds i s  nu l l i f i ed  by 
the  presence of moisture ( r e f .  20).  
Maxted discussed the  poisoning of metal l ic  ca ta lys t s  by molecules con- 
ta ining elements of t he  periodic groups Vb, such as  nitrogen, phosphorous, 
arsenic and antimony and groups Vlb, such as oxygen, sulfur, selenium and 
tellurium ( r e f .  21). He mentioned t h a t  not a l l  compounds of these elements 
are poisonous t o  the catalyst ,  but these properties depend on the  electronic  
unshielded configuration of the  element i n  the molecule. 
Potent ia l  Undesirable Products 
Similarly, the select ion of po ten t ia l  contaminants that  w i l l  produce un- 
desirable reactants  i n  the  ca t a ly t i c  oxidizer and/or the pre-sorbent material  
other than carbon dioxide, water, and carbon was accomplished a f t e r  a review 
of the  l i t e r a t u r e  on t h i s  subject.  
In general, it has been shown t h a t  ca t a ly t i c  oxidation of compounds con- 
taining nitrogen, sulfur,  o r  the halogen lead t o  the formation of products 
t ha t  a re  much more detrimental t o  man and equipment than the reactants.  
NRL studies  on Hopcalite catalyzed oxidation of Freon-11, -12, and 
-1lkB2 show t h a t  these compounds decompose extensively t o  y ie ld  acid vapors 
( r e f .  22, 23).  In addition, NRL has shown t h i s  with s tudies  on vinyledine 
chloride, tr ichloroethylene,  methyl chloroform and ammonia ( re f  24). Similar 
reports by the  Warren Spring Laboratory have indicated the ca t a ly t i c  decom- 
posit ion of Freon-12 t o  toxic  gaseous products ( ref  25).  Church and Mayer 
have reported the  decomposition of tr ichlorofluoromethae i n  the  presence of 
moisture and metals a t  temperatures up t o  lL00OF. Reaction mechanisms axe 
discussed outlining the  formation of phosgene type compounds ( r e f .  26). 
Trenworth and Watson have shown t h a t  the pyrolysis of chlorofluoromethanes 
lead t o  the formation of halogenated hydrocarbons together with chlorine 
(ref .  27) .  
composition of Freons -11, -12, -22, -112, and - I lk ,  a t  elevated temperatures 
( re fb  28).  
1000 F were reported. 
DuPont, Freon Products Division, has reported on the thermal de- 
Free halogen and acid formation a t  varying temperatures up t o  
Work a t  LMSC has shown the formation of su l fur  dioxide and nitrogen 
dioxide i n  the ou t l e t  stream of a Pt-Pd ca ta ly t ic  oxidizer system fed with 
a Freon-114, H2S and monomethyl hydrazine contaminated stream ( r e f .  29) .  The 
absence of HC1 and HF was assumed t o  be the neutral izat ion of these acids by 
the base, monomethyl hydrazine. 
A n  estimate of possible inorganic combustion products and amounts pro- 
duced from contaminants t h a t  contain elements other than hydrogen, oxygen and 
carbon has been reported by LMSC ( r e f .  20). The toxic  combusion products 
includes HF, HC1, N02, S02, HCN, COC12, Cl2, and C0F2. 
Saunders discussed the  p a r t i a l  decomposition of methyl chloroform t o  
vinylidene chloride and trichloroethylene i n  a Hopcalite burner ( re f .  30). 
Design Production Rate and Maximum Allowable Concentration 
For those contaminants obtained from the Phase I IHCOS Program (NAS 1- 
6256), the production r a t e s  and maximum allowable concentrations c i ted  were 
used. 
NAS 1-6256 was the contaminant ident i f ica t ion  program conducted by NAA f o r  
the Apollo program i n  which the outgassing r a t e  of materials within the Apollo 
was determined experimentally. 
was obtained by scaling the Apollo contaminant load t o  the IHCOS model space- 
c r a f t ,  
per day was estimated f o r  the model spacecraft. 
The major source of information on nonbiological contaminants used i n  
The contaminant load estimate fo r  the IHCOS 
Based on th i s  scaling a design equipment production r a t e  of 50 grams 
To determine the individual equipment contaminant production r a t e s ,  the 
contaminant d i s t r ibu t ion  (i, e. ,  percentage of t o t a l )  from the NAA Program 
was u t i l i z e d  with the exception t h a t  no primary contaminant was  considered 
t o  be produced a t  a r a t e  l e s s  than 5 percent of the t o t a l  and no secondary 
contaminant was considered t o  be produced a t  a r a t e  l e s s  than 0.5 percent of 
the to ta l .  Primary contaminants are  those where a known la rge  source exists,  
o r  where the contaminant has been ident i f ied i n  several  systems. The remain- 
ing contaminants are defined a s  secondary contaminants. 
Allowable concentrations used i n  NAS 1-6256 were based i n  the following 
order on hbmarine Habi tabi l i ty  Handbook values, o r  0.1 of the 1965 Threshold 
L i m i t  Values (TLV) o r  analogy t o  chemical compounds with established TLV o r  
an a rb i t r a ry  p a r t i a l  pressure l i m i t  or 0.02 to r r .  
For the contaminants not  considered i n  NAS 1-6256 a production r a t e  of 
0.25 grams per day w a s  used which corresponds with the production r a t e  of 
secondary contaminants i n  NAS 1-625’6, Rxr these contaminants, the maximum 
allowable concentration was taken a t  0.1 of the 1965 Threshold L i m i t  Values 
(TLV) of the Anerican Conference of Gosernment Industr ia l  Hygienists o r  i f  
no TLV existed,  an a rb i t r a ry  l i m i t  of 0.02 mmHg was used, 
l i m i t  was used i n  NAS 9-3415 and NAS 1-625’6. 
agreement with the recommendations of the National Academy of Sciences, 
Space Science Board, Atmospheric Contaminants i n  Spacecrafts, June, 1968. 
“his a rb i t r a ry  
These l eve l s  are i n  reasonable 
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PRE-SORBENT BED DESIGN 
The pre-sorbent bed design e f fo r t  included t h e  following tasks: 
o Survey t o  screen candidate sorbents. 
o Laboratory investigations t o  val idate  l i t e r a t u r e  survey con- 
clusions. 
o Pre-sorbent bed designs optimization. 
o Establish main sorbent charcoal bed character is t ics ,  and ef fec ts  
on poisonous contaminant load t o  the MCOS. 
The following sections describe the above tasks  i n  de t a i l .  
Candidate Sorbent Screening 
A review of data  taken by DISC and other indus t r ia l  groups as  well as  
Government agencies was performed t o  ident i fy  candidate pre-sorbent mate- 
r i a l s  (ref.  31-60). The select ion of  candidate sorbents was based on the 
following parameters: 
(1) Selec t iv i ty  of contaminants f o r  removal. 
( 2  ) Sorption capacity. 
( 3 )  Chemical s t ab i l i t y .  
(4) Weight requirements. 
The candidates ident i f ied  included lithium hydroxide, charcoal, 
Molecular sieve 13 X s i l i c a  gel,  activated alumina and so l id  permanganate. 
These candidate sorbents are discussed below. 
L i t h i u m  hydroxide is  a strong base t h a t  i s  not only an effect ive agent 
f o r  removing carbon dioxide, but as a candidate pre-sorbent material can 
undergo one or more o f ' t h e  following processes: 
(1) Acid-base neutral izat ion reactions. 
( 2 ) Complex formation. 
( 3 )  Oxidation reduction reactions and 
(4) Physical adsorption - chemisorption. 
Of the  bases which are su i tab le  fo r  use i n  l i f e  support systems, lithium 
hydroxide has t h e  grea tes t  capacity per unit weight f o r  the neutral izat ion of 
acids. Since the  so l id  l i thium hydroxide does not remove carbon dioxide 
e f f ic ien t ly ,  by conversion t o  the non-volatile salt l i t h i u m  carbonate any 
acid which i s  appreciably stronger than carbonic acid should also be removed. 
The effectiveness of removal however i s  i n  par t  determined by the r a t e  of 
react ion with l i thium hydroxide. 
Lithium salts a re  soluble i n  many organic solvents. From these solutions 
c rys ta l l ine  complexes of the solvent and l i t h i u m  s a l t  can be isolated as 
s tab le  compounds, thus i l l u s t r a t i n g  the  strong bonding involved i n  these 
complexes. Some of the most s tab le  complexes of t h i s  type a re  the l i thium 
salt hydrates, alcoholates and aminates ( re f .  61). 
may be e f fec t ive ly  removed by lithium hydroxide. 
Thus, alcohol, and amines 
The high surface area of l i thium hydroxide provides the conditions 
necessary t o  promote oxidation-reduction reactions. It i s  known tha t  n i t r i c  
oxide i s  converted t o  the n i t r a t e  ion when passed over sol id  potassium 
hydroxide ( r e f .  62). Chlorine, nitrogen dioxide and hydrogen sulphide 
should a l so  be controlled i n  t h i s  manner. ( re f .  61, 63, and 64). I n  addition 
t o  the above mentioned inorganic oxidation reduction reactions there are  
many organic contaminants such as aldehydes and ketones which are  expected 
t o  be oxidized i n  the  presence of a base and oxygen. Other reactions involve 
d i r ec t  oxidation of organic compounds by oxygen on an activated surface and 
may include olef ins  and mercaptans ( re f .  65). 
Activated charcoal i s  one of the most e f fec t ive  adsorbents f o r  the re- 
The a f f i n i t y  of a par t icu lar  con- 
Charcoal can provide effect ive control of many of the poten- 
I n  general, compounds 
moval of a wide var ie ty  of contaminants. 
taminant f o r  charcoal has been shown t o  be related t o  i t s  vapor pressure and 
molar volume. 
t i a l l y  poisonous contaminants, however, it i s  not effect ive fo r  compounds such 
a s  inorganic acids and ce r t a in  Freon type compounds. 
with high mola r  volumes a re  well adsorbed on charcoal, 
In select ing the pre-sorbent material  the e f f e c t  of the main sorbent bed 
on the poisonous contaminant load t o  the IHCOS should be assessed. 
discussed i n  more d e t a i l  in the section on sorbent bed design. 
This i s  
Molecular sieve 13X i s  an effect ive sorbent material  f o r  contaminants 
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possessing a molecular diameter l e s s  than t en  angstroms. Molecular sieve 13 X 
has a la rger  adsorption capacity f o r  inorganic contaminants than activated 
charcoal and is  chemically s table .  The disadvantages of molecular sieve 13 X 
are  i t s  spec ia l  a f f i n i t y  f o r  moisture i n  preference t o  other compounds, and 
i ts  high weight requirement i n  comparison t o  other sorbents for  inorganic 
compounds such as li thium hydroxide. 
S i l i c a  ge l  has good adsorptive capacity fo r  water vapor and i n  general 
a fair  capacity f o r  polar compounds, however, i n  contrast  t o  charcoal i t s  
capacity f o r  most of the poten t ia l  ca ta lys t  poisons is  very poor, 
Activated alumina, l i k e  s i l i c a  gel,  has good capacity fo r  moisture. I n  
comparison t o  other sorbent materials,  ex t ra  precautions a re  required t o  
preserve size and shape of t he  adsorbent. It does not possess the  overal l  
charcoal adsorbing capacity fo r  t he  acid gases and halogenated compounds. 
Previous work by IMSC on the Fleet  B a l l i s t i c  Missile Toxicity Program sub- 
s tan t ia ted  t h i s  on experiments with Freon type contaminants tes ted  under 
dynamic conditions ( re f .  64 and 66). 
Solid permanganate impregnated alumina removes contaminants by adsorp- 
t i o n  and chemical oxidation. Poten t ia l  ca ta lys t  poisons known t o  be removed 
by 'fPurafil l t ,  a commercial so l id  oxidant include hydrogen chloride, hydrogen, 
sulf ide,  n i t r i c  oxide, tetrachloroethylene, phosgene and su l fur  dioxide. 
Other po ten t ia l  ca ta lys t  poisons f o r  which theore t ica l  considerations i n -  
d ica te  possible removal by t h i s  method are: carbon disulf ide,  chloroacetone, 
cyanamide, e thyl  mercaptan, e thyl  sulf ide,  methylene chloride, methyl 
chloroform, methyl mercaptan, nitrogen dioxide, ni t rous oxide, propyl mer- 
captan, tr ichloroethylene,  vinyl  chloride and vinylidene chloride (ref .  67).  
Freons, chlorine, ethylene dichloride,  hydrogen fluoride,  chlorobenzene, and 
chloropropane a re  unreactive with t h i s  material. 
Labor at  o r  y Evaluation 
I n  reviewing the  candidate sorbent materials,  it was determined that  
nearly a l l  of the  poten t ia l ly  poisonous contaminants appeared t o  be con- 
t r o l l e d  by the  use of e i ther  charcoal or l i t h i u m  hydroxide. 
These conclusions, shown i n  Table 2, a re  primarily based on the data 
available on sorbent capacity. However, l i t t l e  data  i s  available on the 
dynamic performance of the  candidate sorbent materials.  To establ ish dynamic 
performance (removal per pass) a laboratory investigation was conducted with 
the  two most promising sorbents and a number of po ten t ia l ly  poisonous con- 
taminants. 
T h i s  experimental evaluation was performed on 6 x 8 and 20 x 35 mesh 
l i t h i u m  hydroxide and on 6 x 8 and 10 x 30 mesh (Tyler) activated charcoal 
by passing su l fur  dioxide, nitrogen dioxide, Freon-12, vinyl  chloride, 
Genetrons 21and, 23 nitrous oxide di luted i n  air a t  varying space ve loc i t ies  
through the  candidate pre-sorbent materials. 
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The r e su l t s  of the  evaluation a re  shown i n  Table 3 and Figures 1, 2 and 
3. The inorganic acids were w e l l  adsorbed by the  l i thium hydroxide even at 
r e l a t ive ly  high space ve loc i t ies  with a 6 x 8 mesh s ize .  Freon-12 and vinyl 
chloride had r e l a t ive ly  low removal eff ic iencies  on l i thium hydroxide, whi le  
Genetrons 21 and 23, and ni t rous oxide appeared not t o  be removed or very 
poorly removed with both 6 x 8 and 20 x 35 mesh l i t h i u m  hydroxide. These re- 
s u l t s  are i n  agreement w i t h  t he  theore t ica l  conclusions drawn i n  t h e  previous 
section. 
Activated charcoal w a s  qui te  effect ive i n  removing vinyl  chloride and 
the  Freon type compounds t h a t  were not controlled with l i t h ium hydroxide. 
These tes t  r e su l t s  support t he  conclusion tha t  t he  charcoal main sorbent and 
a l i t h ium hydroxide pre-sorbent provide e f fec t ive  control of nearly a l l  of 
t h e  contaminants ident i f ied  as potent ia l  poisons. 
Pre-Sorbent Bed Size 
The s iz ing of t he  pre-sorbent bed w a s  accomplished by establishing the 
stoichometric quantity of l i th ium hydroxide required t o  remove the  poisonous 
contaminants and by establishing t h a t  the  dynamic performance of the  required 
quantity of l i t h ium hydroxide would be sat isfactory.  To determine the  re- 
quired quantity of l i thium hydroxide, the  production r a t e  of  t h e  contaminants 
anticipated t o  be controlled by l i t h ium hydroxide was determined. These 
contaminant production rates are l i s t e d  i n  Table 4.  The production rates 
l i s t e d  i n  the tab le  include the  basic contaminant production r a t e  established 
i n  NAS 1-6256 and t h e  m a x i m u m  quantity of the  contaminant t h a t  can be removed 
w i t h  a flow rate of 3 cfm and an i n l e t  concentration equal t o  the  maximum 
allowable concentration. The lower of these two production r a t e s  for a given 
contaminant w a s  used t o  es tabl ish the quantity of lithium hydroxide required 
for removal. The removal mechanisms for each of the  contaminants are pre- 
sented i n  Table 2. I n  cases where the  lithium hydroxide ac t s  as a catalyst  i n  
an oxidation reduction reaction, no l i t h ium hydroxide is  consumed. The t o t a l  
stoichiometric quantity of l i t h ium hydroxide required for 180 days fo r  a l l  of  
t he  contaminants l i s t e d  i n  Table i s  335 grams. Using a performance fac tor  
of 50% and a density of 29 lbs/ftlJ, the  required volume of l i t h ium hydroxide 
for the  pre-sorbent canis te r  i s  90 id. With a flow rate of  3 cfm t h i s  w i l l  
r e su l t  i n  a super f ic ia l  space veloci ty  of 3,400 hrs ' l .  Based on the  data 
shown i n  Figure 2, a removal eff ic iency of approximately 95% can be obtained 
w i t h  6 x 8 mesh lithium hydroxide ( L i O H ) .  Since t h e  removal efficiency of t h e  
6 x 8 mesh LiOH i s  essent ia l ly  the same as the  20 x 35 and the  pressure drop 
of the  20 x 35 mesh i s  10 t i m e s  t he  pressure drop of the 6 x 8, the  coarser 
material appears best su i ted  for t h e  pre-sorbent bed. 
In establishing the configuration of t h i s  bed, a trade o f f  w a s  made be- 
tween the weight penalty due t o  the bed a d  canis ter  f ixed weight and the 
weight penalty associated with the f an  head r ise  required for flow. 
accomplish th i s ,can is te r  f ixed  weight and bed pressure l o s s  were related t o  
bed geometry (LB).' This re la t ionship i s  shown in Figure 4 where the t o t a l  
equivalent weight i s  plot ted as a function of canis ter  diameter. 
To 
This re- 
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TABLE 3 
RESULTS OF LITHIXIM HYDROXIDE AND 
CHARCOAL REMOVAL CAPABILITY TESTS 
I n l e t  Removal Space 
Mesh Concentration Efficiency Velocity 
Sorbent Size C i  (Mg/M3) n r  ($1 @ (WS '1) Contaminant 
Freon 1 2  LiOH 6 x 8  198 .10 16,000 
11 I1 11 11 11 .10 9,230 
11 
I1 I1 
11 11 
11 If 
I1 11 
11 
11 
20 x 35 
.10 
.14 
42 
.10 
1,670 
693 
173 
333 
6 x 8  
11 
11 
11 
20 x 35 
11 
I1 
115 
11 
Genetron 2 1  
11 11 
11 I1 
11 11 
LiOH 
11 
I1 
I1 
11 
11 
11 
0 
0 
0 
0 
.10 
.10 
.10 
3,930 
1,680 
694 
115 
3,930 
1,680 
694 
1Y 
11 
11  
11 
11 11 
I1 I1 
11 11 
6 x 8  
20 x 35 
115 
11 
0 
0 
Genetron 23 LiOH 
11 11 11 
6 x 8  
n 
Nitrogen Dioxide LiOH 
Sulfur Dioxide 3t 11 
2.2 
157 
90 
9 98 
333 
11,400 
16,000 
9,230 
1,670 
693 
173 
333 
V i n y l  Chloride L i O H  
11 11 11 
6 x 8  
11 
II 
11 
11 
20 x 35 
106 
lt 
If 
11 
11 
n 
.10 
.10 
.10 
.10 
.11 
.12 
11 11 
I1 It  
11 11 
n 11 
11 
It 
It 
I1 
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Table 3 Continued 
I n l e t  Removal Space 
Mesh Concentrat'on Efficiency Velocity 
Contaminant Sorbent Size C i  ( M g h  3 ) n r  ($1 @ (Hrs'l) 
Freon 1 2  BD Activated 
Charcoal (B-C) 6 x 8 
11 11 11 11 
11 11 11 11 
11 11 11 1 2  x 28 
It 11 11 11 
11 11 11 11 
Freon 22 BD Activated 
Charcoal (B-C) 1 2  x 28 
11 11 11 11 
I1 11 11 11 
Genetron 2 1  BD Activated 
Charcoal (B-C) 1 2  x 28 
Genetron 23 BD Activated 
Charcoal (B-C) 1 2  x 28 
11 11 I t  11 
11 11 11 11 
Nitrous Oxide(N20) BD Activated 
Charcoal (B-C) 1 2  x 28 
I1 11 11 11 
11 11 11 11 
Sulfur Dioxide * BD Activated 1 2  x 28 
Charcoal (B-C) 
V i n y l  Chloride BD Activated 1 2  x 28 
Charcoal (B-C) 
11 11 11 11 
140 
11 
11 
11 
11 
11 
155 
11 
11 
100 
81 
11 
11 
108 
11 
It 
66 
124 
124 
85 
.86 
.88 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2 5  
.11 
1.0 
.34 
23 
.9 
1.0 
1.0 
2,850 
2,100 
800 
11, LOO 
2,675 
2,100 
6,680 
3 000 
2,100 
9,700 
2,100 
3 , 000 
6,680 
866 
1,330 
3,000 
11 , 400 
11 , 400 
2,675 
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Table 3 Continued 
Inlet Removal Space 
Mesh Concentrat'on Efficiency Velocity 
C ont aminant Sorbent Size Ci (Mg/N$) a r ($) @ (Hrs'l) 
Vinyl Chloride BD Activated 12 x 28 124 1.0 2 , 100 
I1 11 11 6 x 8  11 0 92 2,850 
11 11 11 It 11 94 2 , 100 
11 11 11 . 11 11 96 800 
Charcoal (B-C) 
35 By Kitagawa Colormetric Tubes; minimum sensitivity 5 M g f i 3  
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Fig. 4 Be-sorbent Bed Optimization 
veals  t h a t  the optimum canis te r  diameter i s  4.75 inches and the optimum bed 
length i s  5.20 inches. 
w i l l  be approximately 11.9 inches and w i l l  weigh approximately 1 .20  lbs.  The 
t o t a l  f ixed weight with l i t h i u m  hydroxide w i l l  be approximately 2.75 lbs.  The 
pressure drop a t  3 cfm and 10 ps ia  w i l l  be 0.35 inches of water. 
The overal l  canis ter  length including conical ends 
Main Sorbent Bed Character is t ics  
I n  establishing the  IHCOS pre-sorbent bed requirements, it was necessary 
t o  assess the  e f f ec t s  of other components i n  the  l i f e  support system on the  
poisonous contaminant load t o  the  IHCOS, The first s tep  i n  the assessment was 
t o  es tab l i sh  the  locat ion of IHCOS i n  the  l i f e  support system. A review of 
possible locations f o r  IHCOS has revealed tha t  the most probable location i s  
down stream of t h e  t race  contaminant removal system main sorbent bed and i n  
p a r a l l e l  with t h e  carbon dioxide removal system as shown i n  Figure 5. 
The advantages of t h i s  locat ion a re  tha t  the pressure drop of the  C02 
removal system and the  IHCOS are about equal and t h a t  the flow requirements 
of IHCOS plus the  GO2 removal system are  equal t o  the flow requirements of 
the charcoal main sorbent bed. With t h i s  arrangement, the poisonous contami- 
nants removed by charcoal w i l l  not reach IHCOS. 
To es tab l i sh  the contaminants controlled by charcoal, the equilibrium 
capacity of the charcoal was estimated f o r  each of the contaminants assumed 
t o  be controlled by charcoal. 
t i o n  termed the "potent ia l  p lo t t f  which i s  based on ideas or ig ina l ly  proposed 
by M. Polanyi ( ref .  68). This theory r e l a t e s  adsorption capacity t o  molar 
volume and vapor pressure of a contaminant through an adsorption poten t ia l  
parameter termed I1Af1. 
This was accomplished by the use of a correla- 
A = T/Vm log (Ps/p)  where 
T = temperature, degrees Kelvin 
standard pressure, -I& 
mole 
Vm = l iqu id  molar  volume, a t  boiling point a t  
Ps = saturat ion pressure 
P = vapor pressure 
A p lo t  of adsorption capacity vs ltAlr, Figur'e 6 ,  has been made based on 
experixental s tudies  ( re f .  59, 69) .  
be placed on the l i n e  by a determination of t h e i r  flArl values. 
can be done from the l i t e r a t u r e ,  although sophisticated in te rpre ta t ion  o r  
olat ion of the available data may be necessary including estimation 
of vapor pressure and molar volume from c r i t i c a l  constants and molecular weights. 
A l l  of the contaminants of i n t e r e s t  can 
Tnis generally 
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TABLE 5 
POTENTIAL POISONOUS CONTAMINANTS REMOVED BY CHARCOAL 
Contaminant 
Carbon Tetrachloride 
Chloroacetone 
Chlorobenzene 
Chlorofluoromethane 
Chloroform 
Chlor opr opane 
Dichlorobenzene 
Dichlor oet hane 
Dimethyl Sulf ide 
Ethylene Dichloride 
Ethyl Mercaptan 
Ethyl Sulf ide 
Freon 11 
Freon 1 2  
Freon 2 1  
Freon 22 
Freon 23 
Freon 113 
Freon 114 
Freon 114 (unsym) 
Freon 1 2 5  
Hexamethylcyclotrisiloxane 
Methyl Chloride 
Methyl Chloroform 
Methylene Chloride 
N i  t r  omethane 
Iso-Propyl Chloride 
"All 
Value -
19.1 
22.6 
14.7 
40.0 
2 4 . 1  
22.6 
13.5 
19.3 
27.0 
21.8 
27.9 
15.8 
22 .0  
26.8 
32.0 
40 
52 
18.0 
18.0 
22 
33 
8.7 
44.5 
16. 
32.5 
39 
22.6 
Charcoal 
Requirements 
#/180 Day #/Day 
3 03 
3.4 
3.0 
115. -E 
5.5 
2.5 
40 .+$ 
29. 
1750 
3.0 
29.5 
2.4 
83.3t 
330 .+$ 
175 
770 
160,000. 
3.3 
3.3 
8.2 
132. 
0.3 
880. 
15 
774.* 
450 
11. 
0.0184 
0.0190 
0.0165 
9.7 
0.64 
0.035 
0.014 
0.22 
0.161 
0.165 
0.013 
1.83 
0.97 
4.3 
0.018 
0.018 
0.017 
0.460 
890. 
0.045 
0.730 
0.002 
4.7 
4.3 
2.5 
0.056 
0.083 
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Table 5 Continued 
Charcoal 
11AlI Requirement s 
Contaminant Value - #/180 Day #/BY 
Propyl Mercaptan 19.8 6.1 0.034 
Tetrachloroethylene 17.8 4.7 0.026 
Trichloroethylene 
Vinyl Chloride 
16.9 17.5* 0.093 
32.6 1000.3t 5-50 
Vinylidene Chloride 27.3 21. 0.110 
3tPrirnar-y Contaminants 
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Table 5' presents the I1Af1 value f o r  each of the contaminants ident i f ied 
as being controlled with charcoal, including the quantity of charcoal re- 
quired f o r  removal expressed i n  lbs/day and lbs f o r  the 180 day mission. 
can be seen from examination of t h i s  table  t h a t  the charcoal requirements f o r  
180 days are qui te  excessive. It i s  anticipated, however, t h a t  f o r  a 180-day 
mission, a regenerative charcoal system would be u t i l i zed .  This is  the type 
of system proposed f o r  the Basic Subsystem Module (BSM) (ref, 70). 
It 
I n  this system two charcoal beds a re  required. The beds a re  ident ical ,  
however, one i s  being regenerated while t he  other i s  i n  the  adsorption cycle. 
The regenerative bed is  heated t o  approximately 3OO0C and exposed t o  vacuum. 
Based on the t o t a l  contaminant load developed i n  Phase I of NAS 1-6256, it 
was concluded t h a t  a regenerative charcoal main sorbent system would have the  
following character is t ics .  
The system would have a f l o w  r a t e  of lc8 c f m  (45 cfm t o  the C02 removal 
and 3 cfm f o r  IHCOS) which i s  suf f ic ien t  t o  control all of  the contaminants 
l i s t e d  t h a t  are  absorbed on charcoal, with the exception of dimethylhydrazine, 
monomethyl hydrazine and pyruvic acid. Ammonia and hydrogen f luoride are a l s o  
f l o w  l imited a t  48 cfm, but are not  adsorbed on charcoal. Xowever, ammonia 
can be controlled with an acid impregnation on charcoal. For the purpose of 
s iz ing the main sorbent beds, it w a s  assumed tha t  the charcoal requirements 
ref lected i n  the potent ia l  poison l ist  Table 4, are typical of the require- 
ments which would r e s u l t  from an evaluation of a l l  contaminants l i s t e d  i n  the 
Phase I IHCOS contaminant load. 
t h i s  type, the potent ia l  p lo t  theory assumes tha t  with low loading the con- 
taminants a c t  independently. 
quiring the greatest  mount o f  charcoal (highest "A" value) w i l l  sa t isfac-  
t o r i l y  adsorb all other contaminants. 
t o  account f o r  the displacement of high "A1' value contaminants by l o w  "AIT 
contaminants (ref. 69 1. 
I n  establishing the performance of a bed of 
Therefore, a bed sized f o r  the contaminant re- 
This theory has been modified s l igh t ly  
One of the conclusions of t h i s  program was 
1fA'r value greater than 25  would not displace other contaminants, f o r  con- 
taminants with an "Aft value l e s s  than 25 and with a difference i n  "Arf value 
greater than 20 the  lower trA" value contaminant w i l l  block the surface t o  o r  
displace the higher rtA1l contaminant. 
t h a t  contaminants with an 
Inspection of t he  contaminants i n  Table 5 reveals t h a t  Freon 23 i s  the  
most d i f f i c u l t  contaminant t o  control followed by chlorofluoromethane. 
Freon 23 with an assumed design production rate of 0.25 grams per day 
would require 890 l b s  per day of charcoal, which i s  prohibit ive.  
bed f o r  chlorofluoromethane reduces the required charcoal quantity t o  9.7 l b s  
per day. With t h i s  quantity of charcoal, the capabi l i ty  f o r  removal of 
Freon 23 would be 0.0027 grams per day. 
been investigated and no sorbent superior t o  charcoal was found. 
r e su l t s  would be desirable t o  ver i fy  the capacity o r  charcoal f o r  Freon 23. 
The use of Freon 23 as a spacecraft refr igerant  o r  solvent should be res t r ic ted ,  
Sizing the 
Specific sorbents f o r  Freon 23 have 
Experimental 
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for higher "Afl value contaminants. 
Thus each of t he  beds sized f o r  a 3 . 5  day cycle wmld require 38 lbs of 
charcoal, 
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LONG TERM SORBENT BED EVALUATION 
The long term evaluation of t he  pre- and post-sorbent beds and catalytic 
oxidizer fo r  the Isotope Heated Catalytic Oxidizer System was performed for  
a period of 180 days, beginning on January 22, 1968, and ending on July 19, 
1968. This section presents the  objectives, apparatus, and procedures used, 
the  r e su l t s  obtained, and a discussion of the  resu l t s .  
0b.j ec t  ive 
The primary objective of t h i s  t es t  e f for t  was t o  determine the long-term 
performance character is t ics  of the  lithium hydroxide pre- and post-sorbent 
beds, and the  ca t a ly t i c  oxidizer system. Additional objectives included 
evaluating the  e f f ec t s  of the regenerative main sorbent system and the s i l i c a  
ge l  portion of a carbon dioxide removal system. This e f fo r t  was accomplished 
by monitoring t h e  removal efficiency and removal mechanism of various 
selected contaminants a t  points throughout the  system during a 180-day t e s t  
period. 
Apparatus 
The t e s t  apparatus i s  presented schematically i n  Figure 7 and i s  
i l l u s t r a t e d  i n  Figures 8 and 9. Listed below are  the  major items used i n  the 
t e s t .  
0 
0 
0 
0 
0 
0 
0 
Cylinders f o r  gaseous contaminant supply and for  portions 
of t he  background gas. 
Pressure gauges and regulator t o  measure and control system 
pressure . 
I n l e t  and e x i t  sampling septa f o r  obtaining gas samples. 
Preheater f o r  heating incoming gas t o  the catalyst bed. 
Catalytic oxidizer tube t o  contain catalyst  (catalyst  
volume = 57 C C ) ,  
Furnace and temperature control ler  t o  control catalyst  
bed temperature. 
A i r  cooled heat exchanger f o r  cooling exit  gas from catalyst  bed. 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Diaphragm pump and flow control valves fo r  maintaining 
pressure and f o r  varying system flow ra t e .  
Flowmeter and wet t e s t  meter t o  determine system flow 
ra tes .  
F & M gas chromatographs Model 720, 1609, 810, 700A, and 
700B, equipped with flame ionization, e lectron capture 
and thermal conductivity detectors f o r  contaminant 
analysis. 
Water humidifier system f o r  moist-inlet  gas stream 
conditions. 
Hygrodynamics, Inc., e lectronic  hygrometer-indicator 
t o  determine humidity of i n l e t  gas stream, 
Lithium hydroxide and activated charcoal adsorbent beds 
t o  remove contaminants present i n  room air. 
Main sorbent beds containing Barnebey-Cheney 8 x 10 mesh 
BD charcoal. 
Pre-sorbent and post-sorbent beds containing 6 x 8 mesh 
Foote Mineral Co. environmental grade l i t h i u m  hydroxide. 
Diaphragm pump, flow meter and pyrex glass  bubblers f o r  
colorimetric analysis.  
Perkin-Elmer Model 202 Spectrophotometer f o r  colorimetric 
analysis.  
Technicon proportioning pump f o r  introducing gaseous 
contaminants i n to  the system. 
Cambridge Hygrometer f o r  measuring the e f f luent  dew point 
from the s i l i c a  gal  beds. 
Procedure 
The long term I1sorbent" and ca ta lys t  bed performance t e s t  data  were ob- 
ta ined with the  system operating a t  a space veloci ty  of 21,000 hr-', with an 
average ca ta lys t  bed temperature of 680 + 2OoF. The t o t a l  system pressure was 
held constant a t  10 psia.  "he background-gas consisted of the  contaminant 
mixture used during the  previous 180 day ca ta lys t  t e s t  conducted during 
NAS 1-6256 (acetylene, n-butane, carbon monoxide, ethane, propylene and 
methane), 160 mmHg oxygen, 4 mmHg carbon dioxide, water vapor, and balance 
nitrogen. G a s  supplies were introduced v i a  d is t r ibu t ion  consoles from pres- 
surized gas cylinders, with the exception of t he  f i l t e r e d  a i r  drawn from the  
43 
room. 
water bubbler humidifying system. 
producers of undesirable products, were added t o  the system a t  d i f f e ren t  time 
in te rva ls  over the 180-day period. The contaminants introduced and the anal- 
ysis techniques a re  indicated i n  Table 6 and described i n  the following 
sections 
The system inletdew point w a s  maintained a t  approximately SS°F with a 
Other contaminants, po ten t ia l  poisons and 
Contaminant introduction.-The following contaminants: hydrogen sulf ide,  
methyl chloride, nitrogen dioxide, su l fur  dioxide, and ammonia, were in t ro-  
duced d i r ec t ly  in to  the  system using a Technicon Proportioning Pump which 
has a min imum del ivery r a t e  of 0.015 cc per minute. Also, su l fur  dioxide a n d  
ni t rogei  dioxide were introduced through t h e  d is t r ibu t ion  console, using 
cal ibrated gas cylinders containing 0.4% and 0.75 (by volume) of SO2 and NO2 
respectively.  Similar techniques were applied t o  Freon-12, vinyl  chloride, 
and Freon-114. Known concentrat ion mixtures were obtained i n  pressurized gas 
cylinders and were introduced a t  the desired concentration levels  in to  the 
system through d is t r ibu t ion  consoles. 
The periods during which these contaminants wereintroduced are  shown 
i n  Figure 10. Freon-12 and vinyl  chloride were introduced in to  the system 
continually except during the following periods: 82nd t o  98th days, lO3rd 
through 108th days, and 116th through 142nd days. Methyl chloride w a s  intro- 
duced in to  the  system on the  37th day and on the  following day the  flow was 
termirated. Ammonia was introduced on the 44th through the  64th day. Hydrogen 
su l f ide  was introduced during the  108th through the  l 4 l s t  days and 177th 
through the  180th days while Freon-114 w a s  introduced during the 115th 
through the  142nd days and the  period between the  173rd and 180th days. 
A change i n  the  NO2 and SO2 introduction point was made on the  64th day. 
The contaminants were introduced a t  the out le t  of the  main charcoal bed a t  
point B. NO2 was turned off on the 79th day and SO2 on the 92nd day. NO2 and 
SO2 were again introduced in to  the  system ahead of the main charcoal bed on 
the  109th day through the  143rd day. 
Sample location.-Samples f o r  chemical analysis were obtained a t  points A, B, 
C ,  D, and E (see Figure 7).  Methane and carbon monoxide were analyzed dai ly  
a t  points C and D. Freon-12 and vinyl  chloride were analyzed at points A, C 
and D .  Acetylene, n-butane, ethane and propylene were analyzed once weekly a t  
points C and D. Nitrogen dioxide and su l fur  dioxide were analyzed at  points 
A, B, C and D; methyl chloride and Freon-114 a t  points A ,  C, and D; HC1 and 
HF a t  points D and E; ammonia at  points C and D. 
Chemical analysis techniques.-All hydrocarbons and carbon monoxide were anal- 
yzed by gas chromatographic techniques using the  F & M Models 1609, 700, and 
810 gas chromatographs. The Model TOO gas chromatograph uni t s  were operated 
w i t h  Model 810 electrometers. A l l  of these contaminants were analyzed by 
flame ionization detection. The halogenated compounds such as Freon-12 and 
Freon-114 were also analyzed by gas chromatography using electron capture 
detection. 
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The analyt ical  technique used f o r  SO2 is  described by Jacobs (ref. .72).  
This technique used a O.OkM solution of sodium tetrachloro-mercurate as an 
absorbing reagent and a hydrochloric acid-bleached solution containing para- 
rosani l ine as a dye reagent. Standardization was performed with known solu- 
t ions  of sodium b i s u l f i t e  and absorption measured at 5691. Samples f o r  
colorimetric analyses were collected by using the  bubbler system shown i n  
Figure 8. 
The bubbler system consisted of three 100 cc pyrex glass  bubblers 
arranged i n  se r i e s  and connected by c lear  tygon tubing. The f irst  and t h i r d  
bubblers acted as protective t raps  and the  middle bubbler contained the  ab- 
sorbing reagent. This bubbler was f i l l e d  with 20  cc of reagent and system 
atmosphere was passed through a t  a r a t e  of 200 cc per minute. The length of 
bubbling varied from 5 t o  120 minutes, depending on the  concentration and 
kind of contaminant being analyzed. The technique used f o r  the determination 
of NO2 was the  d i r ec t  absorption method described by Saltzman ( re f .  71). 
This technique used a solution containing su l fan i l ic  acid, N- (1-naphthyl)- 
ethylene diamine dihydrochloride, ace t ic  acid, and Kodak Photoflo which 
acted both as the  absorbing and dye reagent. Color development was almost 
instantaneous and the  l i g h t  absorption was read a t  SSOmp (millimicrons). 
Standardization was performed with known solutions of potassium n i t r i t e  
(KN02). Hydrogen su l f ide  analysis was performed using the colorimetric 
technique described by Jacobs ( r e f .  72). This technique uses a d i lu t e  alka- 
l i ne  solut ion of cadmium sulfate as an absorbing reagent and a dye reagent 
containing para-aminodimethylaniline i n  su l fur ic  acid solution, which reacts  
with f e r r i c  and chloride i o n s  t o  form methylene blue. Standardization was 
performed with known solutions of methylene blue and the absorption was 
measured at 670 mp. 
described i n  the Technicon Methodology ( re f .  73) .  This technique used 0.1 N 
sodium hydroxide as an absorbing reagent and a combination of a soultion of  
alkaline phenol and a solution of alkaline hypochlorite as a dye reagent. 
Standardization was performed with known solutions of ammonium sulfate, and 
absorption was measured a t  610 my. HC1 analysis was performed by using the 
turbidimetric method described i n  Jacobs (ref .  72). This technique used 0.1 N 
s i l ve r  n i t r a t e  solut ion with 0.1 N sodium hydroxide used as the absorbing 
reagent. Standardization was performed with known solutions of sodium 
chloride. HF was colormetrically analyzed by the  SPADNS method as described 
i n  Standard Methods (ref .  74). This technique used a dye reagent containing 
sodium 2 - (para-sulfophynylazo) - 1.8 dihydroxy-3, 6-napthalene disulfonate 
and zirconyl chloride octahydrate i n  d i lu t e  hydrochloric acid. The absorbing 
reagent was 0.1 N NaOH solut ion and standardization w a s  performed by using 
known solutions of sodium fluoride.  Absorption was measured a t  560 mp. 
Main sorbent charcoal beds.-The main sorbent beds, represented by canis ters  
A and B, were f i l l e d  with Barnebey-Cheney 8 x 10 mesh (Tyler) BD charcoal 
which w a s  prepared by screening 4 x 10 mesh charcoal. The beds were in i t ia l ly  
planned t o  be on l i n e  f o r  one week a f t e r  which time a f r e sh  bed was t o  be 
switched on l ine .  However, during the  course of the experiment, it was deter- 
Amnonia analysis was performed da i ly  using t h e  colorimetric technique 
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mined t h a t  the beds should be switched more frequently. 
changed three times weekly: 
Friday a t  5:OO p.m. 
other was removed, weighed, desorbed by applying vacuum and heat (20OoC fo r  
10 hours) cooled t o  room temperature, re-weighed and re-packed. Also, other 
charcoal adsorbents were tes ted  such as Barnebey-Cheney 8 x 1 2  mesh GI-7883 
charcoal which was used on the  54th--56th days and Barnebey-Cheney 8 x 1 2  
mesh KE which was used on the  59th and 60th days. 
The beds were then 
Monday a t  8:30 a.m. , Wednesday a t  5 : O O  porn., and 
While one charcoal. bed was on l ine,  the contents-of the 
Pre-sorbent lithium hydroAde bed.-The l i t h i u m  hydroxide pre-sorbent 
canis ter  
at the  outset  of t he  t e s t .  No changes were made t o  t h i s  bed during the 180 
day t e s t .  
was loaded with 78.5 grams of l i t h i u m  hydroxide and placed on l i n e  
Catal st bed.-The ca ta lys t  bed was loaded with 57 cc of 0.5% Pd on a l m i n a  --+- ca ta lys t  Englhard, Lot No. 11-707). The ca ta lys t  bed w a s  operated at  a 
temperature of 6800F until the  86th day. Some modifications were made i n  the  
t e s t  conditions between the 87th and 94th days i n  an attempt t o  res tore  
ca t a lys t  ac t iv i ty .  On the 87th through 92nd days, the ca ta lys t  bed tempera- 
t u re  was raised t o  8000F and the  t o t a l  system outflow was reduced t o  4600 cc 
per minute. On the 89th day, the water bubbler was stopped and a canis ter  
with 7 pounds of s i l i c a  g e l  was placed on l i ne  t o  reduce the moisture i n  the  
i n l e t  system flow. On the 92nd day, the  s i l i c a  ge l  canis ter  was removed, 
the  water bubbler re - ins ta l led ,  the  ca ta lys t  bed temperature lowered t o  683OF 
and the ou t l e t  flow increased t o  6700 cc per minute. Since the ca ta lys t  d i d  
not recover i t s  i n i t i a l  a c t i v i t y  as a r e s u l t  of these changes, the  t e s t  was 
halted. The ca ta lys t  bed was removed and re-packed with new catalyst .  The 
t e s t  was then continued with the new ca ta lys t  operating a t  the or ig ina l  
temperature of 680OF. The old ca ta lys t  was re-weighed and analmed by infra- 
red spectroscopy. 
Prior t o  the  last thirty-seven days of t he  180 day t e s t  period, system 
modifications were made for  post-sorbent evaluation. A post-sorbent canis ter  
i t h i u m  hydroxide was placed on l i n e  at the ou t l e t  
143rd day. The out le t s  of the ca t a lys t  bed (D) and 
r e  analyzed daily f o r  oxidation products, hydrogen 
during the period between the 143rd and 172nd 
e oxidation products was performed by gas 
sing t he  flame ionizat ion and electron capture 
.-The main sorbent charcoal beds were removed and each f i l l e d  
mesh (Grade 40, Type 2)  s i l i c a  gel,  and 
on t h e  172nd day bypassing the  humidifier system. Freon- 
e introduced i n t o  the  system along with the  
onthinants. Contaminant removal. performance was determined 
a t ion  by sampling the contaminant 
9 dew point of the s i l i c a  ge l  bed 
eter system t h a t  was connected i n  
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i n l e t  and ou t l e t  bed 
ou t l e t  w a s  monitored with 
p a r a l l e l  with the LiOH 
P o s t - t e s t  chemical and physical analysis.-After the long term t e s t  was 
completed, the following chemical and physical t e s t s  were performed, The 
l i thium hydroxide pre-sorbent and post-sorbent beds were examined v isua l ly  
and fo r  acidi ty .  Also, both beds were re-weighed, and t h e i r  weight gains 
calculated. The 0.5% palladium catalyst was removed, examined visually,  and 
re-weighed. The tubi.ng used fo r  cooling the  out le t  gas stream from the 
ca ta lys t  bed w a s  removed, examined visually f o r  corrosion, and analyzed 
chemically. Chemical analysis was performed by washing the  tubing with 100 cc 
of d i s t i l l e d  water (10 times), evaporating the  wash water t o  45 cc, and 
analyzing spec i f i ca l ly  f o r  N02, S02, H C 1  and HF. 
Results 
The system i n l e t  dew point data  i s  presented i n  Figure 11. Methane i n l e t  
concentration data, ca ta lys t  bed conversion efficiency, and catalyst  bed 
temperature throughout t h e  180-day t e s t  period a re  presented i n  Figure 12 .  
Carbon monoxide in le t  concentration and catalyst  bed conversion efficiency 
data are  presented i n  Figure 13. Catalyst bed conversion eff ic iency data and 
i n l e t  concentrations fo r  propylene, ethane, n-Butane and acetylene are pre- 
sented i n  Figure 14. Vinyl chloride and Freon-12 concentration data a t  t he  
i n l e t  and out le t  of the charcoal bed and a t  the  out le t  of the  catalyst  bed 
i s  presented i n  Figure 15. 
a t  the i n l e t  and ou t l e t  of the charcoal canister,  the l i thium hydroxide 
canis ter  ou t l e t  and the ca ta lys t  bed out le t  a re  presented i n  Figure 16. 
Hydrogen chloride and hydrogen fluoride concentration data a t  the i n l e t  and 
out le t  of the post sorbent canis ter  i s  presented in Figure 17. 
dioxide concentration data  a t  the i n l e t  and ou t l e t  of the charcoal canister,  
ou t le t  of the lithium hydroxide canis ter  and ou t l e t  of the s i l i c a  gel 
canis ter  i s  presented i n  Figure 18. 
the i n l e t  and out le t  of the charcoal canister and out le t  of the lithium 
hydroxide canis ter  i s  presented i n  Figure 19. 
a t  the i n l e t  and out le t  of the ca ta lys t  bed i s  presented i n  Figure 20. 
Freon-114 and hydrogen sulf ide concentration data 
Nitrogen 
‘Sulfur dioxide concentration data a t  
Ammonia concentration data 
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D i s  cus si on 
During the  t e s t ,  investigations were made r e l a t ive  t o  (1) cata lys t  
poisoning and the  need f o r  a pre-sorbent bed, (2) t he  formation of undesir- 
able products of oxidation and ( 3 )  the  control of undesirable products of 
oxidation by a post-sorbent bed. 
of the  t e s t s  per t inent  t o  these investigations.  
The following sections discuss the  r e su l t s  
Catalyst poisoni%.-In the invest igat ions r e l a t ive  t o  catalyst  poisoning, the 
performance of t he  charcoal main sorbent system, a li thium hydroxide basic 
pre-sorbent and the  s i l i c a  ge l  desiccant bed portion of a carbon dioxide re-  
moval system were considered. 
Main Sorbent System: complete t e s t  apparatus was first operated f o r  
three days with the hydrocarbon contaminants used i n  the previous 180-day 
long term t e s t  t o  check out the apparatus and t o  ve r i fy  catalyst  performance. 
The performance of the ca t a lys t  was found t o  be the  same as experienced i n  
the  previous t e s t .  On the fourth day of tes t ing,  the first candidate ca ta lys t  
poisons t o  be controlled by the  charcoal bed, Freon-12 and vinyl  chloride, 
were introduced upstream of the charcoal m a i n  sorbent bed. These contaminants 
were selected on the basis  of candidates f o r  removal by the charcoal bed, 
being among those l e s s  well adsorbed. The charcoal bed was sized, based on 
poten t ia l  p lo t  data  taken i n  a r e l a t i v e l y  dry gas stream, for  breakthrough 
t o  occur af ter  7 days. The beds were t o  be cycled on a 7-day period with 
desorbed charcoal being used i n  each new canis ter .  Both the Freon-12 and 
vinyl  chloride broke through the bed pr ior  t o  cycling indicating t h a t  the 
performance of the charcoal bed was l e s s  than anticipated.  This t e s t  was 
repeated several  times with the beds being cycled twice a week. The Freon-12 
and vinyl  chloride were s t i l l  breaking through before the beds were cycled. 
The poisoning e f f ec t  on the ca ta lys t  brought about by Freon-12 and Vinyl 
chloride being allowed t o  enter  the ca ta lys t  bed was evident from the methane 
removal character is t ics .  Methane removal efficiency would start out a t  a 
f a i r l y  high value with a f resh  bed and would then drop a f t e r  the  Freon-12 and 
vinyl chloride broke through. The methane removal eff ic iency would, however, 
recover soon a f t e r  a f r e sh  charcoal canis ter  w a s  placed on l i ne .  
was continued in  t h i s  mode u n t i l  the sixteenth day. 
The 
The t e s t  
Since the 6 x 8 mesh charcoal showed poor removal eff ic iency f o r  the  
Freon-12, and vinyl  chloride, a f i n e r  8 x 10 mesh charcoal was placed i n t o  
the  system on the sixteenth day and again on the eighteenth day a f t e r  pre- 
treatment by degassing and heating. No improvements i n  Freon-12 and vinyl  
chloride removal were noted. 
flow stream was turned off f o r  the weekend (days 20 and 21 ) as a means of 
aiding i n  increasing the  ca ta lys t  bed performance. 
Freon-12 and vinyl chloride f l o w  i n t o  the main 
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On the twenty-second day, the charcoal bed volume w a s  increased t o  hold 
435 grams of 8 x 10 charcoal t h a t  w a s  prepared by heating above 200OC and 
degassing under one micron pressure f o r  ten hours. 
attempt t o  improve performance of the main sorbent system since it w a s  s t i l l  
allowing Freon-I2 and vinyl chloride t o  enter  the ca t a ly t i c  oxidizer. The 
Freon-12 and vinyl chloride contaminants were reintroduced in to  the system. 
Analysis a t  the i n l e t  and ou t l e t  of the charcoal bed showed 100% removal of 
both Freon-12 and vinyl chloride immediately a f t e r  the new canis ter  was  put 
on l ine .  After approximately 3 days, vinyl chloride had not broken through 
and Freon-I2 had p a r t i a l l y  broken through. 
This w a s  done as an 
A routine was then established f o r  per iodical ly  changing the charcoal 
beds on Monday mornings and on Wednesday and Friday afternoons which resul ted 
i n  approximately a 2.5 day cycle. A s  anticipated catalyst  performance was 
always higher a f t e r  changing the charcoal beds. The i n i t i a l  removal of Freon- 
1 2  and vinyl  chloride by the  charcoal resul ted i n  higher ca ta lys t  performance 
but as the  charcoal removal eff ic iency f o r  the contaminants decreased, s o  d id  
the ca ta lys t  bed performance. This change i n  cycle time did e f fec t  one of the 
other contaminants being introduced, n-butane, i n  tha t  it was now being r e -  
moved by the charcoal beds and was not reaching the catalyst .  
the charcoal f o r  the contaminants in question was a t  l e a s t  1/3 less than had 
been anticipated owing t o  the use of potent ia l  p lo t  data taken i n  a dry gas 
stream. 
The capacity of 
To ve r i fy  t h a t  moisture e f f ec t s  was  the problem, the t e s t  was modified 
t o  reduce the i n l e t  dew point t o  the charcoal. On the th i r ty - s ix th  day, the 
humidifier was by-passed creating an i n l e t  dew point i n  the range of 32-38OF. 
The e f fec t  of the  lowered dew point was an increase i n  the charcoal perform- 
ance fo r  Freon-12 and vinyl  chloride confirming t h a t  water vapor had an ad- 
verse affect  on charcoal capacity. 
I n  a f i n a l  attempt t o  increase the performance of the main sorbent 
system, d i f fe ren t  charcoals were investigated. On the 54th day of tes t ing ,  
a n  8 x 1 2  mesh Barneby Cheney charcoal type G-1 was employed. No improvement 
i n  the Freon-12 and vinyl  chloride removal charac te r i s t ics  was noticed as 
compared with the type BD charcoal previously used. On the 59th day, an 8 x 
1 2  mesh Barneby Cheney charcoal type KE was used. Again no improvement i n  
the Freon-12 and vinyl  chloride removal charac te r i s t ics  was observed. Type 
BD charcoal was then used f o r  the remainder of the  t e s t .  
The f i n a l  invest igat ion conducted with Freon-12 and vinyl chloride was 
t o  reconfirm that the poisoning caused by these contaminants was reversible  
i n  nature. This was done s t a r t i ng  on the 99th day when the charcoal bed cycle 
time was increased t o  4 days. This t e s t  was repeated again on the  109th day. 
I n  both cases, t he  Freon-12 and vinyl  chloride broke through the charcoal bed 
and caused the ca ta lys t  performance t o  degrade considerably; removal 
eff ic iency dropped from be t t e r  than 80% t o  l e s s  than 10%. I n  both cases, the 
removal eff ic iency recovered t o  i t s  i n i t i a l  value immediately following 
elimination of the  Freon-12 and vinyl  chloride from the  flow stream. 
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Lithium hydroxide pre-sorbent bed: The first candidate ca ta lys t  poisons t o  
be controlled by the l i thium hydroxide pre-sorbent bed, introduced in to  the  
system were sulfur dioxide and nitrogen dioxide. 
Sulfur dioxide and nitrogen dioxide were introduced in to  the flow stream 
on the f i f t h  day with the a i d  of the  Technicon proportioning pump, Samples 
f o r  contaminant concentrations were taken a t  the i n l e t  t o  the charcoal bed, 
e x i t  t o  the charcoal and i n l e t  t o  the l i thium hydroxide bed, and the  e x i t  t o  
the  l i thium hydroxide bed. 
The NO2 i n l e t  concentration varied f rm 0.61 t o  1 . 2  mg/m3. No detectable 
leve ls  were iden t i f i ed  a t  the  ex i t  t o  t he  charcoal bed showing that the 
nitrogen dioxide was being removed by the  charcoal bed. 
Sulfur dioxide i n l e t  concentration t o  the charcoal beds varied f r m  0.42 
t o  1.14 mg/m3. 
nitrogen dioxide. Colorimetric analysis f o r  su l fur  dioxide showed tha t  it was 
a lso  removed by the charcoal bed except on the  25th and 29th days of the  
t e s t .  
Samples were taken at  the same locations as those taken f o r  
The removal of NO2 and SO2 by the charcoal was a t t r ibu ted  t o  these con- 
taminants combining with water t o  form acids ard then being ch&-sorbed. A 
post-removal examination of the BD charcoal beds ver i f ied the  presence of 
these acids. It was considered t h a t  SO2 and NO2 removal was re la ted  t o  the 
i n l e t  dew point and that f o r  lower dew points, NO2 and SO2 may not be con- 
t r o l l e d  i n  the main sorbent charcoal bed. The charcoal adsorption capacity 
f o r  these contaminants i s  qui te  low. 
t ions,  the approximate r e t e n t i v i t y  f o r  these acid contaminants i s  10% as 
compared f o r  example t o  a value of 20% f o r  methyl mercaptan ( re f .  75). Thus, 
f o r  t h i s  reason, and because the l i thium hydroxide pre-sorbent bed was placed 
i n  the  system t o  control the contaminants such as NO2 and SO2, it was con- 
sidered necessa ry to  introduce the NO2 and SO2 downstream of the main sorbent 
charcoal t o  ver i fy  the l i thium hydroxide removal capacity. 
A t  20% and 760 mm under dry gas condi- 
Introduction of the  acid gases downstream of the charcoal bed was i n i t i -  
ated on the  64th day of the  t e s t .  Methane conversion eff ic iency dropped from 
55% on the  65th day t o  approximately 12% on the 75th day. During t h i s  period, 
SO2 was removed completely from the flow stream by the LiOH at i n l e t  concen- 
t r a t i o n s  approximating 0.80 mg/m3 while NO2 was p a r t i a l l y  removed. Removal 
efficiency fo r  NO2 a t  i n l e t  concentrations approximating 1.0 mg/m3 varied 
from no removal t o  30%. The remaining NO2 tha t  flowed in to  the ca t a ly t i c  
oxidizer was completely reacted t o  other products. It was not determined 
what products were being formed. 
On the  79th day of t h e  t e s t ,  NO2 w a s  turned off s ince it was suspected 
t o  be the  cause of the ca t a lys t  poisoning due t o  it being only p a r t i a l l y  r e -  
moved by the  l i thium hydroxide and reacting i n  the  ca t a ly t i c  oxidizer. The 
ca ta lys t  did not recover and Freon-12 and vinyl chloride introduction was 
stopped on the  81st day of the t e s t .  The l a s t  po ten t ia l  poison sulphur 
dioxide was turned off on the  92nd day. 
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Steps t o  reac t iva te  the ca ta lys t  were then carr ied out following pro- 
cedures t h a t  might be employed i n  a spacecraft l i f e  support system. T h i s  in-  
cluded reducing the gas flow ra te ,  allowing the ca ta lys t  bed temperature t o  
increase and supplying reduced humidity air i n t o  the system. 
On the 87th day, t he  ca ta lys t  bed temperature was raised t o  8 0 0 9  where 
methane conversion eff ic iency jumped t o  71%. During t h i s  period, the humid- 
i f i e r  system was by-passed and a s i l i c a  ge l  bed was placed i n  the  l i n e  ahead 
of the charcoal bed t o  minimize the  amount of moisture entering the flow 
system. 
Due t o  the increase i n  methane conversion eff ic iency t o  83% a f t e r  5 
days, the ca t a lys t  bed temperature w a s  lowered t o  687OF, the s i l i c a  ge l  bed 
was removed from the l i n e ,  and the  humidifier system was placed in the 
system. Methane analysis  showed t h a t  the conversion efficiency was l e s s  than 
10% and t h a t  the ca ta lys t  had not been reactivated. Fresh ca ta lys t  was re -  
packed i n  the ca ta lys t  bed on the  94th day and the  t e s t  was continued on the 
same day. Down time was estimated a t  three hours. This included the time for  
the furnace t o  reach 687OF operating temperature from room temperature. 
Methane conversion eff ic iency was a t  91% on the 95th day and 96th day showing 
t h a t  the new ca ta lys t  was performing as well  as t he  previous ca ta lys t  before 
poisoning . 
It was f e l t  a t  t h i s  time tha t  the cause of the  ca ta lys t  poisoning was 
due t o  poisoning by the  NO2; however, during the  t e s t  some SO2 had reached 
the ca t a lys t  bed due t o  a by-pass flow around the lithium hydroxide bed. 
This occurred while t h e  colorometric analyses were being carried out. 
The poisoned ca t a lys t  was analyzed by infrared spectrophotometric 
techniques by extract ing the  products formed on the  ca ta lys t  p e l l e t s  and by 
analyzing the concentrated extracts  which were incroporated i n t o  a KBr 
pe l l e t .  The unused ca t a lys t  p e l l e t s  were analyzed by similar methods fo r  use 
as standards f o r  comparison. The poisoned ca ta lys t  showed t h a t  the  major 
portion of t he  extracted material  was a su l fa te  type compound while the un- 
used or standard ca ta lys t  showed the extract  t o  be an  oxide type. These re-  
s u l t s  indicated strongly t h a t  SO2 deactivated the ca ta lys t .  
Sulfur compounds, par t icu lar  in the lowest valence s t a t e ,  are potent 
ca ta lys t  poisons due t o  the electron oc te t  vacancies ( re f .  76, 77). Unshared 
electron pa i rs  such as SO2 (0::Sf:O) r e s u l t  i n  chemisorptive bonding between 
the sulfur atom and t h e  ac t ive  ca ta lys t  s i t e s .  Unlike physical bonding, con- 
siderable energy i s  required t o  disrupt  the  chemisorptive bond. In  this 
par t icu lar  case ths sulfur compound reacted and/or accumulated on the act ive 
ca ta lys t  s i t e s  causing the ca ta lys t  t o  be l e s s  active. 
A t  t h i s  point i n  the  tes t ing ,  it had been demonstrated tha t  IiiOH would 
completely remove SO2 and p a r t i a l l y  control N02; however, these contaminants 
were a l so  controlled i n  the charcoal i n  the present of moisture. 
On the 108th day fur ther  attempts were i n i t i a t e d  t o  introduce contami- 
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nants t h a t  would pass through the charcoal bed but would be removed by the 
l i thium hydroxide. Hydrogen su l f ide  was added t o  the  contaminant flow along 
with the hydrocarbon contaminants, carbon monoxide, Freon-12, vinyl  chloride, 
su l fur  dioxide and nitrogen dioxide. The hydrogen sulf ide was introduced 
upstream of t h e  charcoal bed. The charcoal removed the  H2S beyond the break- 
through f o r  both Freon-12 and vinyl  chloride. 
The same experiment was repeated except Freon-114 was introduced i n  
place of the  Freon-12 and vinyl  chloride. Freon-114 was subst i tuted on the 
basis  t h a t  the charcoal has a higher capacity fo r  re ta ining Freon-114 over 
H2S and thus t h e  H2S breakthrough would probably occur before the  break- 
through of the Freon-114. Results of the experiment showed, however, t ha t  
Freon-114 penetrated the charcoal pr ior  t o  H2S. 
A t  t h i s  point i n  the  tes t ing ,  the  requirement f o r  pre-sorbent l i thium 
hydroxide bed had not been experimentally defined, because contaminants fo r  
which a l i t h i u m  hydroxide pre-sorbent i s  required were being removed by the 
charcoal i n  a humidified atmosphere. 
A review of the past  charcoal bed performance showed t h a t  a t  l e a s t  three 
d i s t i n c t  removal mechanisms existed fo r  the contamin&ts i n  question. These 
mechanisms included adsorption which was accounted for  i n  the sorbent bed 
design, oxidation, and combining with the  water retained by the charcoal. It 
was f e l t  tha t  oxidation accounted fo r  the removal of H2S and combining with 
water accounts f o r  the  control of SO2 and NO2. The control of contaminants by 
combining with water i n  the charcoal i s  dependent upon the  presence of water 
i n  the charcoal and therefore dependent on the locat ion of the charcoal i n  
the spacecraft environmental control system. I f  the charcoal was located i n  a 
low dew point stream, such as integrat ion with a molecular sieve-type C02 
removal system, the water would not be present i n  the charcoal bed. These 
conditions were of i n t e r e s t  and would r e l a t e  t o  the possible need of a basic 
pre-sorbent i n  a dry gas version of IHCOS. For this reason, the t e s t  with 
Freon-114, H2S, SO2 and other contaminants was repeated with a l o w  dew point 
gas stream. 
On the 124th day, a s i l i c a  g e l  canis ter  was placed ahead of the in-  
coming atmosphere and the humidifier system was by-passed. Immediately 
following th i s ,  the  sulfur dioxide broke through the  charcoal bed. Thesulfur 
dioxide a l so  penetrated the l i thium hydroxide bed during t h i s  t e s t .  Hydrogen 
sulf ide,  however, did not break through the bed. 
A s  anticipated,  these r e su l t s  confirmed tha t  these acid gases (SO2 and 
N02) a re  poorly retained by charcoal i n  a dry gas i n l e t  stream condition but 
w i l l  combine with water adsorbed on the  charcoal under humidified atmospheric 
conditions. Hydrogen sulf ide,  however, is  controlled by the  charcoal under 
wet or  dry gas conditions confirming t h a t  i t s  removal mechanism i s  not re-  
la ted  t o  combining with water but instead probably due t o  oxidation. The per- 
formance of the l i thium hydroxide i n  controll ing the SO2 under dry gas condi- 
t ions  was a l so  poor. Sulfur dioxide had been completely removed by LiOH i n  
previous t e s t s  with a humidified gas stream. Examination of these r e su l t s  and 
a review of the  information avai lable  on the  performance of l i thium hydroxide 
i n  other r e a c t i m s  indicated t h a t  i n  general the presence of water vapor is 
required for  maximum reac t iv i ty .  Thus, in the  dry gas condition, the  acid 
gases do pass through the  charcoal indicating the  need for a pre-sorbent, 
however, the selected basic pre-sorbent i s  not of value under these condi- 
t ions.  The t e s t  r e s u l t s  showed t h a t  i n  a dry gas design, the acid gases 
should be controlled at  a point i n  a system where moisture is present. If the 
dry gas uni t  were integrated with a molecular sieve type carbon dioxide re- 
moval system, the  acid gases might be controlled t o  some degree i n  the s i l i c a  
ge l  bed. 
S i l i c a  gel bed: The charcoal can is te rs  were f i l l e d  with s i l i c a  ge l  (David- 
son Type 2, Grade 40) and Freon-12, vinyl chloride, and NO2 were introduced 
i n t o  the system along with the other hydrocarbon background contaminants. The 
objective of t h i s  t e s t  was t o  determine if  the NO2 would be retained by the 
s i l i c a  g e l  up t o  the  point of water break through. The dew point from the 
s i l i c a  ge l  bed was monitored with a Cambridge Hygrometer System by sampling 
the flow i n  pa ra l l e l  with the pre-sorbent LiOH bed. 
Freon-12 penetrated the bed within one hour and vinyl  chloride within 
three hours time. Nitrogen dioxide did not break through the  bed. A f t e r  sat- 
uration of t he  bed, NO2 out le t  concentration showed 98.5% removal. The 
following day the  humidifier system was by-passed and another f resh  s i l i c a  
ge l  bed w a s  placed i n  l i ne .  A longer breakthrough t i m e  from t h i s  setup w a s  
anticipated.  Dew point ou t le t  dropped t o  -68OF. Sulfur dioxide, nitrogen 
dioxide, Freon-114, and hydrogen sulf ide were introduced into the  flow system 
Freon-114 penetrated the  s i l i c a  ge l  bed a f t e r  twelve hours. The out le t  
concentration reached a l eve l  where it was higher than t h e  i n l e t  eoncentra 
t ion ,  due t o  the  outgassing of t he  Freon-114 from the  s i l i c a  gel  bed. Nitro- 
gen dioxide w a s  96.0% removed from t h e  flow stream showing s l igh t ly  l e s s  re- 
moval capabi l i ty  than previously. However, su l fur  dioxide showed only 65% 
removal by t h e  s i l i c a  ge l  bed a t  i n l e t  concentration of 0.40 mg/m3. The water 
vapor had not broken through a t  the  time. Further t e s t ing  wi th  higher SO2 
i n l e t  concentrations showed t h a t  i n i t i a l  exposure of SO2 resul ted i n  nearly 
complete removal by t h e  s i l i c a  ge l  bed but after 20 hours of continuous ex- 
posure, t he  removal efficiency dropped with increasing bed saturation t o  
approximately 17%. A t  t h i s  t i m e  t he  s i l i c a  ge l  bed had reached water break- 
through. A repeat experiment with a higher i n l e t  humidity showed that a t  
s i l i c a  ge l  water breakthrough a f t e r  10 hours of continuous exposure, SO2 w a s  
removed approximately 60%. Thus, it appears t h a t  NO2 is  w e l l  removed by 
s i l i c a  ge l  but t h a t  only p a r t i a l  removal of SO2 can be anticipated.  
Undesirable products of oxidation.-The second phase of the test w a s  t o  estab- 
l i s h  if undesirable products of oxidation were being formed. A f t e r  the  tes t  
had proceded f o r  37 days, t h e  investigation r e l a t ive  t o  the  formation of un- 
desirable products of oxidation were in i t ia ted .  To t h i s  end, methyl chloride 
was introducedinto the flow stream at 21 mg/m3 i n l e t  concentration as a 
poten t ia l  producer of undesirable products of oxidation. The methyl chloride 
passed readi ly  through the  charcoal and lithium hydroxide presorbent beds as 
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anticipated,  however, it poisoned t h e  ca ta lys t  bed causing methane conversion 
t o  drop t o  approximately 4%. N o  undesirable products were detected during 
t h i s  peiod. Methyl chloride flow in to  t h e  system was terminated t h e  next day 
(38th day). 
The catalyst  slowly recovered and by the  44th day of t he  tes t ,  methane 
conversion eff ic iency had increased t o  approximately 54%. 
On t h e  44th day, ammonia was added t o  t h e  system as a potent ia l  producer 
of undesirable oxidation products. The r e su l t s  from the  i n l e t  and out le t  
analysis of t he  ca ta ly t ic  oxidizer showed t h a t  the  ammonia w a s  not oxidized 
but remained unchanged. Even with a high i n l e t  concentration of 11.4 mg/m3 
no potent ia l  undesirable oxidation products were noted. Ammonia w a s  in t ro-  
duced from the  44th t o  t h e  64th da . During t h i s  period, t h e  i n l e t  concen- 
found i n  the  out le t  flow of the  ca ta ly t ic  oxidizer no fur ther  ammonia w a s  
introduced into the  system. 
t r a t ion  was approximately 3.2 mg/m 9 . Since no undesirable products were 
When t h e  charcoal bed became saturated with Freon-12 and vinyl chloride, 
t h e  analysis of t he  out le t  flow from the  ca ta ly t ic  oxidizer showed tha t  
Freon-12 and vinyl chloride were oxidized by t h e  catalyst .  The out le t  
analysis on the  47th day showed t h a t  vinyl chloride was 10% oxidized and 
Freon-12 w a s  oxidized approximately 27%. 
Since t h e  Freon-12 and vinyl  chloride were penetrating t h e  charcoal beds, 
it was decided t o  allow these contaminants t o  pass in to  the  ca ta ly t ic  oxi- 
dizer  system and determine what undesirable oxidation products they were pro- 
ducing and possibly use them as a source of undesirable products. The out le t  
from the  ca ta ly t ic  oxidizer system was analyzed f o r  Freon-12 and vinyl 
chloride during the  period f romthe  47th t o  the  80th day. The resu l t s  showed 
t h a t  vinyl chloride w a s  oxidized 100% and Freon-12 varied i n  conversion 
efficiency from no conversion t o  41%. Intermittent analysis f o r  undesirable 
products from oxidation was  accomplished during t h i s  period by concentrating 
the  out le t  flow from the  ca ta ly t ic  oxidizer with a refr igerated dry ice  bath 
and by analyzing t h e  concentrated sample through gas chromatographic and mass 
spectrometry analysis techniques. 
The Freon-12 and vinyl  chloride decomposition products ident i f ied were 
HC1 and HF. H C 1  ou t le t  concentrations as high as 0.68 mg/m3 were determined 
during t h i s  period. I n  addition, infrared spectrophotometric scans of 
catalyst  outflow samples (10 meter path gas c e l l )  showed no undesirable pro- 
ducts besides the  inorganic acids mentioned. 
Post-sorbent bed.-The f i n a l  portion of t he  180 day tes t  was devoted t o  evalu- 
a t ion  of t h e  effectiveness of the  post-sorbent bed. On the  143rd day of t he  
t e s t ,  Freon-12 and vinyl  chloride were added t o  the  flow stream t o  create un- 
desirable products of oxidation i n  order t o  determine the  performance of t he  
lithium hydroxide post-sorbent bed. The Freon-12 and vinyl  chloride were 
oxidized i n  the  catalyst  bed and generated H C 1  and HF as oxidation products. 
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During t h i s  experimental period, t he  Freon-12 and vinyl  chloride i n l e t  
concentrations were increased t o  allow fo r  more product formation. On the  
weekends and a f t e r  t he  analyses were completed, t he  i n l e t  concentrations were 
lowered t o  allow the  ca ta lys t  bed t o  recover f romthe  poisoning ef fec ts  of 
these contaminants. The charcoal pre-sorbent bed was not changed since it re- 
quired a f e w  days before Freon-12 or vinyl  chloride would break through. 
Analysis of t he  ca ta lys t  bed out le t  showed 106 r eac t iv i ty  of vinyl  
chloride. Freon-12 conversion eff ic iencies  varied from zero t o  th i r ty- three  
percent. These r e su l t s  showed tha t  products were being formed i n  the  ca t a lys t  
The H C 1  concentrations at the  post-sorbent bed i n l e t  were at the  lower l i m i t  
of de tec tab i l i ty  (0.01 mg/d). 
o f  the  post-sorbent bed. 
Only during the 145th day did theHC1 in l e t  
concentration r i s e  t o  0.12 mg/m 3 . A t  no time w a s  HC1 detected at t he  out le t  
The low HC1 i n l e t  concentration in to  the  post-sorbent bed was due t o  the  
reac t iv i ty  of HC1 with the  cooling c o i l  tube located at the  out le t  of the 
catalyst  burner. An analysis and inspection of the heat exchanger tube a f t e r  
the  completion of the  t es t  showed a high residual  chloride content. Also, the  
lower HC1 production may be accounted f o r  by t h e  incomplete oxidation of 
vinyl chloride t o  other products since the percent conversion was determined 
by the  analysis f o r  vinyl  chloride i n l e t  and ou t l e t  concentrations and not 
t he  possible other intermediates t h a t  could be formed from incomplete oxida- 
t i on .  
Similar t o  the  r e su l t s  obtained for HC1, t h e  HF produced by the catal-  
y t i c  oxidizer w a s  removed by the  post-sorbent l i thium hydroxide bed. The 
lower l i m i t  of de t ec t ab i l i t y  f o r  HF was 0.005 mg/m3. 
t o  the post-sorbent bed varied from 0.116 t o  0.005 m g / d ,  but mostly a t  the 
lower l i m i t  of de tec tab i l i ty .  Also, it was aksumed t h a t  the  HF produced by 
the  ca t a ly t i c  degradation of Freon-12 w a s  pa r t ly  removed by reac t iv i ty  w i t h  
the  catalyst  impregnated A1203 base material  and/or the  s ta in less  s t e e l  
cooling c o i l  placed i n  t h e  out le t  of the  ca t a ly t i c  oxidizer as indicated by 
the chemical analysis of the  heat exchanger tube a f t e r  t he  completion of the  
t e s t .  
HF i n l e t  concentration 
Thus, t he  post-sorbent bed w a s  effect ive i n  controll ing the  products of 
oxidation from the  vinyl  chloride and Freon-12. 
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C onclus ions 
Based on t h e  r e su l t s  of t h e  long t e rmtes t ing ,  t h e  following conclusions 
were reached r e l a t ive  t o  t h e  pre- and post-sorbent beds. 
Pre-sorbent bed.-The i n i t i a l  concept was f o r  t h e  basic pre-sorbent bed t o  re- 
move those contaminants not effect ively controlled by the  charcoal main sor- 
bent. 
p lo t  theory f o r  prediction of adsorption capabi l i ty  indicated tha t  a number 
of acidic  contaminants were poorly adsorbed on charcoal. This led t o  the  
select ion of a basic pre-sorbent bed. I n  conducting t h e  long term tes t ,  it 
became apparent t h a t  the  charcoal w a s  controll ing t o  a great extent t he  con- 
taminants anticipated t o  require a basic sorbent. This w a s  a t t r ibu ted  i n  part  
t o  t he  moisture in  the  charcoal. These r e su l t s  indicated t h a t  a basic pre- 
sorbent would not be required. In  a dry gas s i tua t ion  the  acid gasses pass 
through the  charcoal, indicating t h e  need f o r  a pre-sorbent, however, t h e  
selected basic pre-sorbent i s  not e f fec t ive  i n  t h i s  s i tuat ion.  
A review of the  main sorbent bed performance based on the  potent ia l  
The catalyst  poisoning experienced during t h e  long term t e s t  included 
poisoning by Freon-12 and vinyl  chloride. It w a s  demonstrated on several  
occasions t h a t  poisoning fromthese compounds and a l so  from methyl chloride 
was reversible i n  nature. When t h e  contaminant source was removed, t he  
ca ta lys t  performance would recover t o  i t s  i n i t i a l  value. The poisoning t h a t  
resul ted from introduction of SO2 and NO2 into the  catalyst  bed was i r revers-  
i b l e  i n  nature. It w a s  concluded from these experiences tha t  protecting the  
ca ta lys t  from poisoning by t h e  acid gases i s  far more important than protec- 
t i on  from t h e  compounds t h a t  produce only temporary poisoning ef fec ts .  Since 
the  acid gases caused permanent poisoning i n  the  long term tes t  and since 
they are well  adsorbed by LiOH i n  a moist stream, it seems advisable t o  re- 
t a i n  the  pre-sorbent cannister as insurance against prematurebreakthrough 
of these contaminants from the  charcoal or main sorbent bed. 
It i s  therefore concluded t h a t  t h e  proposed pre-sorbent bed (4.75" I.D. 
and 5.20" bed length) w i l l  be employed i n  t h e  IHCOS design. 
Post-sorbent bed.-The i n i t i a l  design of t he  basic post-sorbent bed tha t  w a s  
modeled i n  t h e  long term t e s t ,  i s  described i n  t h e  following section of t h i s  
report .  This bed w a s  e f fec t ive  i n  controll ing the  undesirable products of 
oxidation tha t  were produced during the t e s t .  
t h e  proposed post-sorbent bed (5.5" I.D. and 7.9" bed length) w i l l  be 
employed i n  t h e  IHCOS design. 
It i s  therefore concluded tha t  
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POST-SORBENT BED DESIGN 
The post-sorbent bed design e f fo r t  w a s  conducted i n  a manner similar t o  
t h e  pre-sorbent bed design and consisted of the  following tasks: 
0 Establishing 
0 Post -sorbent 
I n  establishing 
complete contaminant 
t h e  poten t ia l  undesirable products of oxidat ion 
selection, bed s iz ing and optimization 
Contaminant Load 
t h e  potent ia l  undesirable products of oxidation, t he  
l is t  w a s  reviewed and an estimate was made of those 
contaminants t ha t  would probably be introduced in to  the  ca ta ly t ic  oxidizer. 
T h i s  was done f o r  a l l  contaminants tha t  were considered a source of undesir- 
able products of oxidation, and i s  shown i n  Table 7. The first s t ep  i n  estab- 
l ishing which contaminants would reach t h e  ca t a ly t i c  oxidizer w a s  t o  review 
the  effectiveness of t he  upstream removal techniques. This was accomplished 
by considering the  r e su l t s  of t h e  long term t e s t  resu l t s  t o  date and the  
known character is t ics  of t h e  upstream sorbents. The upstream sorbents t h a t  
were considered included the  charcoal main sorbent and a l i t h ium hydroxide 
pre -sorbent . 
Charcoal main sorbent.-Experience t o  date with t h e  charcoal main sorbent has 
indicated t h a t  a t  least three d i s t inc t  removal mechanisms ex is t  f o r  t h e  con- 
taminants i n  question. These mechanisms include adsorption, oxidation and 
reactions w i t h  t h e  water present i n  the charcoal. 
The r e l a t ive  effectiveness of adsorption for removing a m i x t u r e  of 
contaminants i s  bes t  correlated with the potent ia l  p l o t  which i s  described 
i n  d e t a i l  i n  the sect ion on the m a i n  sorbent bed design. In assessing the 
effectiveness of adsorption, it w a s  decided t h a t  contaminants with an I1Al1 
value l e s s  than 20 would be well  adsorbed and t h a t  none of t h i s  contaminant 
would reach the ca t a ly t i c  oxidizer. 
the long term tes t  where Weon-1 1b with an I1A1' value of 18 was w e l l  adsorbed 
and premature breakthrough from the .charcoal did not occur. 
between 20 and 30, it was  assumed t h a t  the contaminant would be moderately 
well adsorbed and t h a t  a portion of the contaminant load would break through 
the charcoal bed and could pass i n t o  the catalytic oxidizer. It w a s  assumed 
t h a t  50% of the contaminant passed through the bed i n  t h i s  si tuation. 
performance of Freon-I2 with an "At1 value of 26.8 during the long term test  
indicates  that a s ignif icant  portion of t h i s  contaminant would pass through 
the charcoal canister.  For 1lAlf values greater than 30, it was  assumed t h a t  
the contaminant w a s  poorly adsorbed and that the majority of the contaminant 
This i s  i n  agreement with the results of 
For tlA'l values 
The 
69 
m 
N 
rl 
m 
N 
rl 
m m  
J rl rl rl ( U N  \ 
m 
N cu 
; o d o d o d o d r i o d o o ~ o d  
+ +  
+ + + 
+ + 
+ +  + + 
n 
rl 
v 
+ + + +  + + + + + + +  + + t  
a, 
rl 
.rl 
k 
-P 
0 
-P 
a, 
'E! 
2 
a, 
N 
B 
8 
% 
6 
k 
0 
rl 
a, a 
2 
5 h u 
70 
In 
o o c u  
d r l d  
d d d o o A A d d d o o o d o o o o o  
+ 
+ 
+ + +  
+ + + +  
+ + 
+ + +  + + + + + + + + + + +  + 
n 
8 
W 
m 
-P a , v  
2 E O k  
d m P i  
m m m m  0 cu m m c u  
c u m  m rl c u c u d  
d d o ~ o o d o o o d d d o o o o o o o  
+ + + +  + + 
+ +  + 
+ + + +  + 
+ + + + 
+ + +  + + + + + + + + + + + + + +  
a, a 
.d 
8 
G 
a, 
M 
0 
k 
-P 
.rl x 
a, a 
0 
a 
'54 
k 
-P 
22 
a, 
rl h c: 
0 
rl 
rd 
F-r 
-P 
a, 
Fl 
% 
% 
8 
4 
72 
U 
a 
C 
*r 
s 
L 
C 
r c
2 
f! 
i 
i 
r 
P 
T 
a + 
C 
E 
*r 
C 
r -+ z 
C a 
. I 4  x 
0 
v1 
+ 
+ +  
73 
would pass through the charcoal. 
rrA1l  value of 44.sy during the long term t e s t  was indicative of t h i s  type of 
performance. For these s i tua t ions  it was  conservatively assumed that 100% 
of the contaminant load would pass through the charcoal. 
The performance of methyl chloride with an 
A number of contaminants appear t o  oxidize or decompose on the  charcoal 
and t h e i r  products of oxidation subsequently removed by the charcoal. This 
type of removal has been observed i n  the  long term tes t  w i t h  hydrogen sul- 
f i d e  and i n  other tests with methyl mercaptan, e thyl  mercaptan, propyl m e r -  
captan and n i t r i c  oxide. It i s  anticipated t h a t  t h i s  mechanism w i l l  occur 
wi th  tetrafluorethylene and t o  some extent with vinyl  chloride. Th i s  explains 
why vinyl chloride w a s  controlled b e t t e r  than Freon-12 i n  t h e  long term 
catalyst  tes t  even though vinyl  chloride has the  higher "A" value. 
Examination of the  charcoal beds during the long t e r m  tes t  indicated 
t h a t  a number of t h e  acidic  contaminants reacted w i t h  the  water retained i n  
t h e  charcoal bed. This w a s  observed i n  t h e  case of both su l fur  dioxide and 
nitrogen dioxide. It i s  assumed tha t  t h i s  would a l so  occur fo r  the other 
acidic  contaminants. 
L i t h i u m  hydroxide pre-sorbent.-In reviewing the complete contaminant l i s t ,  
charcoal of fe rs  some degree of removal fo r  a l l  contaminants when the  mech- 
anisms of adsorption, oxidation and reacting w i t h  t h e  water are considered. 
However, for  s i tuat ions where water vapor i s  not present or at a low concen- 
t r a t ion ,  t he  acidic  contaminants would not be retained i n  t h e  charcoal bed 
and would require a downstream basic sorbent f o r  control. In  t h i s  case, a 
l i thium hydroxide pre-sorbentmight be used t o  prevent these acid gases from 
entering the ca ta lys t  bed since they a c t  as catalyst  poisons. Testing has 
revealed t h a t  l i thium hydroxide i s  only effect ive i n  a dry gas stream when 
impregnated with a desiccant compound such as l i thium chloride. 
L i t h i u m  hydroxide i s  a strong base tha t  can remove many contaminants by 
e i the r  acid-base neutralization reactions, complex formations or oxidation 
reduction reactions.  For those s i tuat ions where charcoal does not control 
t he  acidic  gases and a basic pre-sorbent bed is required, the  degree of re-  
moval of acidic  gases i s  qui te  high. The complex reaction i s  a weak reaction 
which provides only moderate t o  l o w  removal capability. The oxidation-reduction 
i s  a l s o  a weak react ion compared with neutral izat ion and a l s o  provides only a 
moderately l o w  removal capability. 
Anticipated delivery rate.-In establishing the  ant ic ipated delivery rate of 
potent ia l  producers of bad products t o  the  ca ta ly t ic  oxidizer the overa l l  
degree of removal w a s  assessed and applied t o  t h e  contaminant production rate 
as previously described. The fac tor  of do, 50$, or lodo w a s  applied t o  the 
production rate of t he  contaminant i n  question except i n  the  case where t h e  
allowable concentration i s  low enough t h a t  a 3 CFM flow rate and the  indi- 
cated removal r e su l t s  i n  a reduced production rate. This occurred f o r  
epichlorohydrin and e thyl  amine. 
Post- Sorbent 'Selection 
After establishing which contaminants would reach the catalytic oxidizer 
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and determining what t h e i r  most probable oxidation products would be, t h e  
choice of post-sorbent material was made. Lithium hydroxide w a s  chosen on 
t h e  basis that  most of t h e  oxidation products were acidic, namely hydrogen 
chloride, hydrogen fluoride,  nitrogen dioxide and sulfur dioxide. This w a s  
substantiated experimentally with t h e  oxidation of Freon-12 and the  detection 
of the  resul tant  hydrogen chloride at t h e  catalytic oxidizer ou t le t .  
Post -Sorbent Bed Configuration 
The s iz ing  of t he  post-sorbent bed was accomplished by establishing the  
acidic  products produced i n  t h e  ca ta ly t ic  oxidizer and the  quantity of post- 
sorbent material required t o  control these products. These r e su l t s  are pre- 
sented i n  Table 7 and described i n  d e t a i l  below. 
Stoichiometric Production of Acidic Products. -The stoichiometric amounts and 
acidic  products; e.g., KF, HC1, SO, and NO9 were determined i n  terms of moles 
of acidic  product produced per mole’ of conhninant entering the  ca ta ly t ic  
oxidizer.  These are shown i n  Table 8 and were derived by considering the  in-  
dividual oxidation reactions of t he  various contaminants. 
Anticipated Amounts of Acidic Products. -The ant ic ipated amounts of acidic  
products produced i n  grams per 180 days i n  Table 8 were determined from the  
stoichiometric amounts of acidic  products and by considering the  removal 
efficiency of t he  ca t a ly t i c  oxidizer f o r  individual contaminants. For example, 
during the long term tes t  it w a s  found tha t  Freon-12 was oxidized pa r t i a l ly  
w i t h  a maximum conversion of 46. 
found t o  be oxidized completely. By using these experimental guidelines and 
by considering the  individual contaminants and t h e i r  ab i l i ty  t o  undergo 
oxidation, it was decided t o  use 40% conversion eff ic iency f o r  all the  Freons 
which entered the ca ta ly t ic  oxidizer, 106 f o r  t he  less s tab le  halogenated 
hydrocarbons such as vinyl  chloride, vinylidene chloride, and methyl chloride 
and f o r  su l fur  o r  nitrogen containing compounds. 
On t h e  other hand, vinyl  chloride was 
Quantity of L i t h i u m  Hydroxide Required.-The amount of l i t h ium hydroxide re-  
quired f o r  each acidic  product w a s  determined i n  Table 8 i n  grams per 180 
days. Th i s  was calculated from the  anticipated amunts of acidic  products 
produced and the  neutral izat ion reaction which each undergoes w i t h  l i th ium 
hydroxide. For example, based on t h e  stoichiometric reactions, 1 gram each 
of hydrogen fluoride,  hydrogen chloride, sulfur  dioxide, and nitrogen dioxide 
require 1.20, 0.66, 0.38 and 0.52 grams of lithium hydrogen, respectively. 
The t o t a l  stoichiometric quantity of lit h i m  hydroxide required f o r  180 
days i s  715 grams. Using a performance fac tor  of SO%, the required volume of 
l i thium hydroxide f o r  the post-sorbent canis ter  i s  187 in3 with a 3 cfm . 
flow rate. Th i s  yields a super f ic ia l  space veloci ty  of 1600 hrsq  which 
should produce a high removal eff ic iency per pass f o r  the  contaminants i n  
question. 
I n  establishing t h e  configuration of t h i s  bed a trade-off w a s  made be- 
tween the  weight penalty t o  the  bed and canister f ixed weight and the weight 
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penalty associated with the fan head r i s e  required f o r  flow. This optimiza- 
t i on  was performed in the same manner as the pre-sorbent optimization. 
resu l t ing  p l o t  of t o t a l  equivalent weight as a function of canis te r  diameter 
i s  shown i n  Figure 21. 
5.5 inches and the optimum bed length i s  7.9 inches. 
length including conical ends w i l l  be 15.5 inches and the canis ter  wil l  
weigh approximately 1.8 pounds. 
be approximately 4.9 pounds. 
0.35 inches of water. 
The 
This reveals  t ha t  the optimum canis ter  diameter i s  
'The overall  canis ter  
The t o t a l  weight with l i thium hydroxide w i l l  
The pressure drop a t  3 cfm and 10 ps ia  w i l l  be 
79 
6.5 
6. C 
5.5 
5.c 
4*! 
4. 
4 5 6 7 
CANISTER DIAMETER - IN. 
Fig. 2 1  Post-Sorbent Bed Optimization 
8 
80 
€EAT SOURCE MATERIAL SPECIFICATIONS 
To ensure t h a t  t he  materials of construction, f o r  t h e  isotope heat 
source, have reproducible physical and chemical properties and t o  es tabl ish 
material  select ion quidelines, a materials t r aceab i l i t y  program w a s  developed 
This program included the  preparation of material specifications which are 
presented i n  Appendix A. These specifications were used f o r  t h e  procurement 
of materials required f o r  t h e  fabricat ion and joining tests and in t e r -  
diffusion experiments. Materials t r aceab i l i t y  was performed by TRW design 
engineering l ia i son  during fabricat ion and joining evaluation and on pur- 
chased materials by vendor ce r t i f i ca t ion  and spot check evaluation. A typ ica l  
materials t r aceab i l i t y  program used f o r  end item f l igh t  hardware i s  presented 
i n  Appendix B. 
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JOINING AND FABRICATION TESTS 
A number of fabr icat ion processes were evaluated f o r  each of t he  par t s  
comprising the  isotope heat source assembly. The selected processes, which 
are described i n  d e t a i l  r e f l ec t  t h e  experience gained by T R W  i n  past isotope 
heat source programs, adapted t o  meet the  IHCOS requirements. 
Fabrication Methods 
Table 9 summarizes t h e  IHCOS assembly materials, part  description, and 
the  method of fabr icat ion.  Fabrication, inspection and assembly of a l l  t he  
piece par t s  were conducted a t  TRW except f o r  fabr icat ion of t he  two pyrolytic 
graphite shel ls ,  which w a s  performed by the  Super-Temp Corporation. A s  a pre- 
face t o  the  discussion of t h e  selected manufacturing techniques, a short 
description of t h e  recommended processes i s  given below. 
TABLE 9 IHCOS HEAT SOURCE PIECE PAFLT FABRICATION METHODS 
Part  Description 
Liner She l l  
Mater i a1 
* 
Liner End-Caps * 
Strength Member 
Cladding She l l  
Clad End-Caps 
Reentry Body 
Transition Member  
Outer Member She l l  
Fins 
Outer Meniber End-Caps 
TZM 
Pt -20Rh 
Pt  -20Rh 
Pyrolytic Graphite 
ATJ Graphite 
321 ss 
321 ss 
321 ss 
Fabrication Techniques 
* 
* 
* 
Seamless tubing 
Spinning and f in i sh  machine 
Chemical vapor deposition 
Machine from ba r  stock 
Machine from tubing 
Machine from pla te  
Machine from pla te  
*Refer t o  Classified Supplement 
Spinning.-Spinning i s  a method of flowing metal by pressure of a r o l l e r  
against  a ro ta t ing  piece of metal. The f ina l  shape i s  determined by the  
mandrel over which the metal i s  flowed. By continuous ro ta t ion  of the metal 
and pressure of the r o l l e r ,  the  metal i s  gradually forced t o  conform t o  the  
shape of the mandrel. For the Pt-20Rh a l loy  clad end-caps, spinning can be 
done at  room temperature since the  mater ia l  is  extremely duct i le .  A f i n i s h  
machining operation i s  normally required af ter  spinning t o  t r i m  off excess 
material. Tooling expense is r e l a t ive ly  low and overal l  cost  moderate. 
Rol l  forming.-Forming of sheet, p la te ,  and bar by ro l l ing  in to  a c i rcu lar ,  
conical, o r  cyl indrical  shape is an established process and lends i t s e l f  t o  
almost any material. It is  limited t o  pa r t s  of f a i r l y  simple shape, but where 
applicable requires l i t t l e  tooling and i s  a n  economical method of producing 
such par ts .  There i s  l i t t l e  material  waste, machining i s  eliminated o r  min- 
imized, t he  process is  simple, and chance of contamination is  m i n i m a l .  
After roll forming, a welding operation can be performed t o  complete the 
par t .  The Pt-20Rh cladding s h e l l  can be fabricated i n  t h i s  manner. 
Machiniq.-Machining, employing conventional la the and mill ing machines, i s  
an established manufacturing method f o r  shaping almost any mater ia l  and can 
be used over a wide s i z e  range. It i s  su i tab le  f o r  e i the r  simple o r  complex 
par t s  requiring very close tolerances. Contamination e f fec ts  a re  negligible,  
tooling i s  eas i ly  adaptable t o  conventional machines, and machining tech- 
niques require a minimum of development time. The ATJ graphite, 3 2 1  SS, TZM, 
and l i n e r  pa r t s  f a l l  i n  t h i s  category. 
Chemical vapor deposition.-In this process the material  i s  produced by the 
thermal decomposition of a gaseous compound of the desired material  on a hot 
surface. The production of pyrolytic graphite i s  carried out by passing a 
hydrocarbon gas over a hot surface held a t  approximately 4000°F. The carbon 
atoms are  removed from the gas by a thermal decomposition process and a re  
deposited in a manner similar t o  a vacuum plat ing operation. A mandrel of the 
desired shape serves a s  the decomposition surface. 
Selected Joining Techniques 
It is imperative t h a t  isotopic  heat sources be careful ly  designed, 
fabricated,  and assembled. 
The imporatnce of good welding procedures cannot be over-emphasizad. 
Tungsten-inert gas ( T I G )  welding and electron-beam (EB) welding are  currently 
used f o r  effect ing heat source closures. With both methods, welding para- 
meters such as welding current,  speed of rotat ion,  type of i n e r t  gas used, 
s i z e  of electrode, gap length, gas flow ra te ,  welding voltage, number of 
welds, and time of weld must be determined f o r  each type of closure t o  yield 
the  desired, reproducible penetration. To determine these parameters, sample 
assemblies a r e  welded, sectioned, and examined metallographically. 
A discussion of the various weld jo in t s  and selected joining techniques 
fo r  611 parts,  except the l i n e r  and strength member, follows. 
- Liner.-The discussian of t h e  l iner fabrication techniques is presented i n  a 
c l a s s i f i ed  supplement t o  this report .  
Strength member.-The discussion of the  strength member fabricat ion techniques 
i s  presented i n  a c lass i f ied  supplement t o  this report .  
Cladding.-The Pt-2ORh cladding consis ts  of one center s h e l l  and two end-caps. 
Because of the high cost  of t h i s  material, fabr icat ion was l imited t o  the  two 
end-caps. Since Pt-20Rh is  a r e l a t ive ly  duc t i le  material, it was decided t o  
fabr ica te  the  end-caps u t i l i z ing  a spinning operation. The s t a in l e s s  s t e e l  
master form used t o  form these parts,  and the finished end-caps, a re  shown 
i n  Figure 22. 
There a re  two general methods f o r  fabr icat ing the  Pt-20Rh cyl indrical  
shell :  welded seam and seamless. The welded seam method involves ro l l ing  o r  
die-shaping sheet stock i n  a cylinder and fusion welding t h e  axial seam t o  
form a so l id  tube. This method can be accomplished using sheets two t o  three 
times the required thickness, welding, and then redrawing the tube with 
appropriate extrusion dies.  Alternately, t he  tube can be formedfrom a sheet of 
the  required w a l l  thickness and welded. The former method of producing seam 
tubing i s  generally preferred due t o  improved grain s t ructure  i n  the  weld 
region, and eliminates problems concerned with weld drop-through and dis tor-  
t ion.  
I n  order t o  more thoroughly investigate the  f ab r i cab i l i t y  of tubes by 
the  seam welding process, TRW has formed Pt-Rh tubing t o  SNAP-29 diametric 
tolerances, and investigated EB and T I G  welding processes f o r  making the seam 
weld. Figure 23 shows one of the  Pt-Rh tubes a f t e r  forming and EB welding. A 
press brake, using appropriately configured dies, w a s  used t o  form 0.020 inch 
sheet. After the sheet was formed, f ix tures  were used t o  support the tube 
during tacking and final welding operations. Experience gained during i n i t i a l  
e f f o r t s  indiczted that 0.003 inch diametric tolerances could be obtained by 
t h i s  process, and that the working properties of the material  were adaptable 
t o  die  press forming techniques. EB and T I G  welding both resulted i n  high 
qua l i ty  welds. When T I G  welding was employed, using a copper cooling mandrel 
and Pt-Rh f i l l e r  material, weld concavity and drop-through were essent ia l ly  
eliminated. Metallographic inspections were a l so  used t o  ve r i fy  weld pene- 
t ra t ion .  The typ ica l  s t ructure  of a Pt-Rh weld appears i n  Figure 24, showing 
a bu t t  weld i n  0.020 inch Pt-1ORh sheet performed by the  electron-beam pro- 
cess. 
Seam welded tubing has the advantage of minimum material  waste, rela- 
t i ve ly  low tool ing cost ,  and nominal development e f for t .  The prinicpal dis-  
advantage of seam welded tubing is associated w i t h  t h e  in tegr i ty  of a f u l l  
axial weld. Since strength, purity,  and in tegr i ty  of t he  tube are extremely 
c r i t i c a l ,  possible discont inui t ies  i n  the weld region are of considerable 
concern. The complications involved i n  analyzing t h e  potent ia l  long-term 
a 
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Fig. 23 Seam Welded Pt-Rh Tubing 
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ef fec ts  caused by the  fusion process and i n  performing sophisticated non- 
destructive examination tests suggest tha t  a l te rna te  fabr icat ion techniques, 
such as seamless tubing, should be considered. 
Seamless tubing requires the  application of specialized manufacturing 
techniques and tooling. However, such techniques ex is t  f o r  producing seamless 
Pt-20Rh tubing i n  the  s i ze  required f o r  the  IHCOS program. TRW believes they 
can be applied t o  yield high qua l i ty  structures of t i g h t  diametric and 
straightness tolerances with negligible material impurity content and a high- 
strength grain s t ructure .  
Seamless Pt-20Rh tubing can be formed from a disc  of the  a l loy  which i s  
drawn through dies  of various s i z e s  u n t i l  the  desired dimensions are achieved. 
Generally, mandrels are  used fo r  shaping seamless tubing and t o  maintain the  
internal  diameter. However, t o  achieve close tolerances and high surface 
qua l i ty  on the  IHCOS components, a plug-type die  ra ther  than a mandrel may be 
preferred fo r  f i n a l  drawing operations; d i f f i c u l t i e s  i n  removing the  tube 
from a mandrel can thus be avoided. This process resu l t s  i n  close control of 
wall thicknesses and high surface quali ty.  Due t o  t h e  excellent duc t i l i t y  of 
Pt-PORh, complete intermediate anneals may not be required. Although some 
stress rel ieving o f  the  tubes may be desirable, complete anneals w i l l  be un- 
aesirable  due t o  large reduction i n  strength of annealed Pt-Rh alloys com- 
pared t o  cold worked material. 
Favorable TRW experience with seamless Pt-Rh tubing makes t h i s  fabri- 
cation method the  primary choice f o r  the  l i n e r  she l l .  
Reentry member. -Two pyrolytic graphite assemblies, shown i n  Figures 25 and 26 
were fabricated by Super-Temp Corporation. The hemispherical ends were con- 
sidered a potent ia l  problem area because of t he  anisotrophy of pryolytic 
graphite. In the  direct ion perpendicular t o  the surface,the material  con- 
t rac t ion  is approximately 20 t i m e s  greater on cooling than i n  the para l le l  
direction. This means tha t  closed shapes of pyrolytic graphite may develop 
residual s t resses  on cooling from t h e  deposition temperature. Super-Temp Cor- 
poration precluded t h i s  effect  by cooling at a slow rate. 
One fabrication problem did occur in  machining the  threads used t o  join 
the  two members. Microscopic examination of the  par t s  revealed a pa r t i a l ly  
laminated s t ructure ,  with the  propagation of laminations occurring during 
threading. The re la t ive ly  low interlaminar shear strength of t h i s  material, 
combined with the  laminar s t ructure ,  caused portions of t he  threads t o  break 
o f f .  
One of the  pyrolytic graphite assemblies w a s  re-machined t o  determine 
the  e f fec t  of using a coarser thread (16 threads per inch versus the or iginal  
28 threads per inch). An improved, but s t i l l  imperfect, thread resulted. 
The pyrolytic graphite par ts  were vapor deposited onto a male mandrel 
(external deposition). 
s t resses  than those observed i n  material deposition on female mandrels ( in-  
This method of deposition resu l t s  i n  higher residual 
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t e r n a l  deposition). Two sample r igh t  c i rcu lar  cylinders shown i n  Figure 27 
were fabricated by Super-Temp Corporation f o r  TRW during an e a r l i e r  capa- 
b i l i t y  evaluation. These par t s  were machined with l i t t l e  d i f f i cu l ty  and re- 
su l ted  i n  high qua l i ty  threads. Further investigation is  required t o  deter- 
mine i f  the  in te rna l  deposition method would also r e su l t  i n  high qua l i ty  
hemispherical ends. 
Other potent ia l  joining techniques include diffusion bonding, brazing or 
t h e  use of pins.  Diffusion bonding and brazing of pyrolytic graphite t o  
pyrolytic graphite has been investigated. Pyrolytic graphite pins could be 
used t o  jo in  t h e  two members. The pin would be machined with i ts  grain 
s t ructure  oriented i n  a manner which would preserve i t s  anisotropic qua l i t i es .  
Transit ion member.-Two t r ans i t i on  members fabricated from ATJ graphite are  
shown i n  Figure 28. The f r e e  machining of t h i s  material  made fabricat ion r e l -  
a t ive ly  easy, although a special  template was required t o  machine the  in te r -  
na l  contour. Addition of t he  t r ans i t i on  members t o  the  pyrolytic graphite 
member completes t h i s  portion of t he  heat source assembly as shown i n  Figure 
29. 
Structural  module.-The s t ruc tura l  module i s  shown i n  Figure 30. The material 
chosen f o r  the  components was 321 (austeni t ic)  series s ta in less  steel .  Steels  
i n  t h i s  group are widely used and have the  highest resistance t o  corrosion 
i n  the  s ta in less  s teel  family. They also possess the  greatest  strength a t  
elevated temperatures of any s ta in less  and heat-resist ing s t ee l ,  yet re ta in  
t h e i r  d u c t i l i t y  a t  temperatures approaching absolute zero. 
The s t ruc tura l  module consists of a cyl indrical  she l l ,  f i n s  and end-caps. 
The cyl indrical  s h e l l  w a s  fabricated from tubular stock. The f i n s  and end- 
e aps were fabricated from p la t e  stock, Conventional machining w a s  u t i l i zed  
f o r  these par ts  without d i f f i cu l ty .  Both sides of t he  f i n  were then welded 
t o  t h e  s h e l l  section t o  provide m a x i m u m  s t ruc tura l  strength and heat t ransfer  
area. 
The conical supports located on the  end-cap w i l l  be cyl indrical  i n  the  
f i n a l  design t o  f a c i l i t a t e  removal of t h e  isotope heat source from the  IHCOS 
assembly. A standard Woodruff key s l o t  w i l l  be machined i n  one support t o  
eliminate angular movement after the  heat source assembly i s  mated t o  a com- 
plementary female receptacle.  The other end-cap has a cyl indrical  support 
which mates with a Bellevil le-spring assembly t o  allow f o r  thermal expasion.  
A TIG w e l d  is  u t i l i zed  for t he  f i n a l  heat source clcsure. 
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Fig. 30 Struc tura l  Module Assembly 
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MATERIALS COMPATABILITY STUDIES 
The experimental studies described herein were conducted t o  (1) predict 
the  extent of interdiffusion t h a t  would occur between the  various materials 
a t  temperatures of 8 0 0 0 ~  and 1500°F and (2) t o  assess the  e f fec ts  of exposing 
the  pyrolytic graphite-stainless s t e e l  interface t o  temperatures near and a t  
the melting point of s ta in less  s t ee l .  Under normal operation conditions, the  
isotope heat source l i n e r  surface temperature w i l l  not exceed 8 0 0 0 ~ .  The 
poten t ia l  f a i lu re  mode of t he  system w i l l  r e su l t  i n  a l i n e r  surface temper- 
a ture  of 1500°F. During reentry, t he  s t ruc tura l  module w i l l  approach o r  ex- 
ceed i ts  melting temperature f o r  2 t o  5 minutes. 
Interdiffusion Studies 
Interdiffusion between materials of the various layers would be de t r i -  
mental i f ,  during the  l i f e  of t h e  mission, the  extent were suff ic ient  t o :  
0 modify the  composition of t he  l i ne r  material, destroying 
i t s  compatibility with the  f u e l  form, 
0 a l t e r  the  composition of the  s t ruc tura l  a l loy  t o  the  point 
of degrading i t s  mechanical properties, thus risking fa i l -  
ure by excessive creep or s t r e s s  rupture, 
0 impair the  oxidation protection character is t ics  of the  
cladding, thereby permitting the s t ruc tura l  a l loy  t o  
oxidize upon exposure t o  air  a t  elevated temperature, or, 
0 modify the  chemical properties of the  reentry body, 
accelerating i t s  oxidat ion r a t e  during reentry.  
Specimen preparation and thermal exposure.-Specimens used i n  the in te rd i f -  
fusion study consisted of 3/8-inch diameter, 0.030 t o  0.050 inch thick discs 
which were cut from sheet stock by e l ec t r i ca l  discharge machining. Flat  
sample surfaces were at ta ined by hand polishing the  machined discs  with 600 
g r i t  s i l icone carbide paper. Each tes t  sample w a s  rinsed i n  acetone and air  
dried before being placed i n  a molybdenum sample holder. The sample holder 
i s  shown schematically i n  Figure 31 along with the  sample arrangement. The 
number and posit ions of samples shown were based on providing duplicate in- 
terfaces  of each material combination t o  be examined. Four such specimen 
holder assemblies were prepared. 
Since thermal expansion of the  specimens w a s  greater than tha t  of the 
holder, axial pressure developed during heating served t o  maintain contact 
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at the  interfaces.  Assuming a t e n s i l e  y ie ld  strength f o r  molybdenum of 15,000 
p s i  a t  1500°F and 25,000 ps i  at  800O~,  t h e  axial compressive stress on the  
discs  could not exceed 45,000 p s i  at 1500°F or 75,000 p s i  a t  800°F. According 
t o  reported data, these pressure levels  are insuff ic ient  t o  appreciably 
a f f ec t  diffusion rates (ref.  78). 
The assemblies were surrounded by tantalum f o i l  ge t t e r  material and 
contained i n  mulli te tubular chambers i n  which a vacuum of 10-5 t o r r  was 
maintained. Each chamber held two capsule assemblies. The two chambers were 
heated i n  s i l i cone  carbide resistance furnaces. A photograph of one of t he  
furnace systems i s  shown i n  Figure 32. One furnace operated at 1500°F, t he  
other at 8 0 0 ~ ~ .  A f t e r  15 days, one capsule was removed from each furnace. 
The others were allowed t o  remain at  temperature f o r  60 days. 
Methods of interface evaluation. -The thickness of t he  diffusion modified 
material zone at each interface w a s  determined by metallography and electron 
microprobe analysis.  
Each assembly was sectioned longitudinally through the stack of discs, 
mounted and polished t o  observe t h e  s t ructure  at  each interface.  Although 
metallographic techniques reveal gross phase changes 'or modifications i n  t h e  
microstructure induced by compositional changes due t o  interdiffusion, small 
var ia t ions i n  composition a r e  often not suff ic ient  t o  cause a v is ib le  change 
i n  microstructure. The metallographic examinations were, therefore,  supple- 
mented by electron microprobe analyses, which d i r ec t ly  show variations i n  
composit ion. 
Basically, t he  principle of operation of t he  microprobe i s  as follows: 
A highly collimated beam of electrons impinges upon the  surface of the  sample 
t o  be analyzed, act ivat ing the  bombarded material, causing it t o  emit X-rays. 
Emitted X-rays pass through a c rys t a l  where they are diffracted and in to  a 
detector where wavelengths and in tens i ty  at  each wavelength are determined. 
The X-rays a re  charac te r i s t ic  of the  material  from which they are radiated. 
The in tens i ty  at a character is t ic  wavelength i s  indicative of t he  quantity of 
t h a t  element present. The diameter of t h e  impinging beam i s  less than 1 
micron (0.0004 inch) making possible the  an l y s i s  of a volume of material  as 
s m a l l  as 2 microns on a side (5 x i n  ') . The exact volume i s  dependent 
on the  molecular properties of the  material. Moving t h e  sample under a sta- 
t ionary beam yields a p lo t  of X-ray in tens i ty  at  a selected wavelength versus 
position i n  the  sample. Neglecting corrections due t o  absorption and fluores- 
cence, t h i s  in tens i ty  i s  approximately equivalent t o  concentration of t he  
element of in te res t  emitting the  selected charac te r i s t ic  wavelength. Such 
scans were made across selected areas of interfaces  between each combination 
of materials being evaluated i n  an attempt t o  define the  precise l i m i t s  of 
diffusion modified material zones. A photograph of the  apparatus used is  
shown i n  Figure 33. Microprobe operating parameters are shown i n  Table 10. 
Interdiffusion resu l t s .  -Photomicrographs at 400X magnification of sections 
through the  l i n e r  material  TZM interface a re  shown after 1.5 days a t  8 0 0 ~ ~  i n  
Figure 34, after 60 days at 8000~  i n  Figure 35, after 15 days at  15000F i n  
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Fig. 34 Interface Between Liner and TZM After 
15 Days a t  800OF (LOOX magnification) 
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Fig. 35 Interface Between Liner and TZM After 
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:an 
104 
'Figure 36, and after 60 days at 1500°F i n  Figure 37. Corresponding photomic- 
rographs of t h e  TZM-(Pt-eORh) interface are shown i n  Figures 38 and 41; of 
t he  (Pt-20Rh)-PG interface i n  Figures 42 through 45, and of t h e  PG s ta in less  
s teel  interface i n  Figures 46 through 49. 
A summary of t h e  distances over which changes i n  in tens i ty  occurred f o r  
charac te r i s t ic  X-ray wavelengths of each element analyzed i n  the microprobe 
scans i s  given i n  Table 11. A portion of the distance over which the inten- 
s i t y  parameter changes i s  due t o  exci ta t ion of a f i n i t e  volume of material 
on both s ides  of t he  interface as t h e  beam crosses t h e  interface.  It i s  
necessary t o  discriminate between t h i s  e f fec t  and actual  interdiffusion when 
interpret ing the  microprobe data. For an accelerating potent ia l  of 25 KV, the  
thickness of t h e  activated material volume i s  generally not more than 2 t o  
4 microns fo r  t he  heavier elements such as the  metals under study i n  t h i s  
program ( re f .  79). The thickness of activated material volume f o r  l igh ter  
elements such as carbon may be 4 t o  6 microns. The values i n  Table 11 f o r  
capsule 1 (exposure t o  800°F f o r  15 days) appear t o  represent the  distances 
over which in tens i ty  parameters are changing due t o  the above described 
ef fec t .  It can thus be assumed tha t  the  amount of interdiffusion occurring 
under these conditions i s  negligible. 
Two of the  data points i n  t h i s  tabulation a r e  inconsistent w i t h  the  
other data and are, therefore,  regarded as invalid.  These a re  the  TZM-(Pt-20 
Rh) in terface i n  capsule 4 and t h e  (Pt-20Rh)-PG interface i n  capsule 3. 
Although the  location selected fo r  scanning t h e  TZM-(Pt-2ORh) interface in-  
dicates good contact even when examined under high magnification l i gh t  or 
electron optics,  it i s  possible t h a t  an extremely s m a l l  gap does exis t  which 
prevented interdiffusion. The i r regular i ty  of the  (Ft-2ORh) -PG interface 
could account f o r  t he  unexpectedly large distance of changing in tens i ty  
parameter f o r  t h i s  interface i n  capsule 3. The r e su l t s  of a scan at a loca- 
t i on  pa ra l l e l  t o  a mechanical protrusion of Pt-20Rh in to  pores of t he  PG does 
not r e f l ec t  t r u e  interdiffusion. 
In  the  absence of microprobe scans on a set of un-assembled discs f o r  
control samples, t h e  values shown f o r  capsule 1 were subtracted from longer 
time and higher temperature exposures f o r  corresponding interfaces.  The re- 
su l t ing  diffusion modified material zone thicknesses are shown i n  Table 12. 
The amount of interdiffusion at each interface is  extremely s m a l l  and 
approaches the minimum distance t h a t  can be resolved by t h i s  type of analysis. 
Extension t o  longer t i m e s .  -The width of diffusion modified material zones 
a f t e r  longer peziods of thermal exposure can be predicted from the  relat ion-  
ship x = (k t)l/n, i n  which x i s  the  diffusion zone width, t i s  t i m e  and k 
and n constants. Although n is  dependent on concentration and w i l l  change as 
diffusion proceeds, values between 2 and 5 include nearly a l l  observed d i f -  
fusion behavior. The predicted two-year diffusion zone thicknesses based on 
n = 2, t he  value yielding resu l t s  most sensi t ive t o  increments i n  t i m e ,  are 
shown i n  Table 13.  I n  cases where va l id  data points were obtained f o r  both 
15 and 60,day thermal exposures, t h e  extrapolated value was detemnined using 
the  more severe case. Values f o r  (Pt-20Rh)-PG and PG-stainless s teel  in te r -  
TABLE 11 
DISTANCE OVER WHICH X-RAY INTENSITY CHANGED 
I N  MICROPROBE SCANS 
Interface 
Liner - TZM 
TZM - (Pt-20Rh) 
(Pt-20Rh) - PG 
PG - ss 
Distance (microns )+e 
OF - 
60 
Days 
2 
2 
14  
15 
3t 25.4 microns = .001 inch 
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TABU 1 2  
THICKNESS OF DIFFUSION MODIFIED MATERIAL ZONES 
AS INDICATED BY MICROPROBE ANALYSES 
Interface 
Liner - TZM 
TZM - (Pt-20Rh) 
(Pt-20%) - PG 
PG - SS 
Thickness (microns )+e 
I 
8 -
15 
Days 
-0 - 
-0- 
-0 - 
-0- 
- 
~ Da s Da s 
-0- -0- 
1 2 
- 1 
- 6 ~o 10 
* 25.4 microns = ,001 inch 
TABLE 13 
EXTRAPOLATED THICKNESS OF DIFFUSION MODIFIED MATERIAL 
B 
ZONES AFTER TWO YEARS OPERATION 
Liner - TZM 
TZM - (Pt-20Rh) 
microns)* 
1500°F 
-0 - 
14 
32 
42 
-% 25.4 microns = .001 inch 
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Fig. 36 Interface Between Liner and TZM After 
15 Days a t  1500%’ (LOOX magnification) 
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Fig. 37 Interface Between Liner and TZM After 
60 Days a t  15OOOF (400X magnification) 
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Pt-20% 
Fig. 38 Interface Between TZM and Pt-20Rh After 
15 Days a t  800OF (400X magnification) 
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Fig. 39 Interface Between TZM and Pt-20Rh After 
60 Days at 800% (LOOX magnification) 
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Fig. 40 Interface Between TZM and R-20Rh After 
15; Days a t  1500- (400X magnif icati on) 
TZM 
(etched t o  show 
microstructure ) 
Location of 
Microprobe Scane 
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Fig .  41 Interface Between TZM and Pt-20% After 
60 Days a t  15OO?F (400X magnification) 
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PG 
Fig. 42 Interface Between Pt-2ORh and PG After 
15 Days at 8 0 0 ~ ~  (400X magnification) 
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bcat ion  of 
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PG 
Fig. 43 Interface Between Pt-20Rh and PG After 
60 Days at 800°F (400X magnification) 
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Fig. 44 Interface Bgtween Pt-20Rh and PG After 
15 Days a t  1500 F (k-OOX magnification) 
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Location of 
Microprobe 
PG 
Fig. 45 Interface Between Pt-20Rh and l?G After 
60 Days at 15OO0F (400X magnification) 
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Location of 
Microprobe Scan 
S t a i n l e s s  S t e e l  
Fig.  46 In te r face  Betwegn PG and S ta in l e s s  S t e e l  
Af te r  15 Days a t  800 F (400X magnification) 
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Microprobe Scan 
S t a i n l e s s  S t e e l  
Fig.  47 In t e r f ace  Between PG and S t a i n l e s s  S t e e l  
After 60 Days a t  8 0 0 ~ ~  (400X magnification) 
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Location of 
Microprobe Sean 
Stainless  S tee l  
Fig. 48 Interface Between PG and Stainless Steel  
After 15 Days a t  1500°F (400X magnification) 
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Fig.  49 I n t e r f a c e  Between PG and S t a i n l e s s  S t e e l  
A f t e r  60 Days a t  1500°F (400X magnification) 
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faces at 800°F could not be determined due t o  t h e  lack of va l id  experimental 
data a t  t h i s  temperature. The expected t o t a l  thickness of diffusion modified 
material at 800°F is  i n  every case, however, considerably less than the  
corresponding predicted thickness at  1500°F. 
The m a x i m u m  predicted amount of interdiffusion at interfaces within the  
IHCOS capsule after 2 years operation at  1500°F occurs a t  t h e  PG-stainless 
s t e e l  interface.  The expected thickness of diffusion modified material i s  42 
microns. The major portion of t h e  zone would be within the  s ta in less  s teel  
and have l i t t l e  o r  no e f fec t  on thermal properties of the  PG reentry member. 
The (Pt-20Rh)-PG interface operating under t h e  same conditions i s  ex- 
pected t o  exhibi t  an interdiffusion zone 32 microns thick.  This zone would 
form principal ly  on the  (Pt-2ORh) s ide  of t h e  interface and should be sub- 
t rac ted  from the  t o t a l  cladding thickness i n  estimating the  remaining use- 
ful thickness. 
The expected interdiffusion zone thickness a t  the TZM- (Pt-20Rh) in t e r -  
face after operation under the  above conditions i s  14 microns. Th i s  wo.uld 
probably occur t o  approximately the same extent on e i the r  side of t he  in te r -  
face, consuming about 7 microns each of the cladding and s t ruc tura l  a l loy.  
No appreciable interdiffusion i s  expected t o  occur at the  l i n e r  TZM 
interface.  Furthermore, any diffusion tha t  does take place w i l l  not a l ter  
the  properties of either material t o  any s ignif icant  extent. 
Since predicted interdiffusion a t  1500°F i s  not extensive and in te r -  
diffusion rates at WOOF are far less than those at  the  higher temperature, 
only t h e  1500°F data should be considered i n  specifying w a l l  thickness of 
each material. 
Pyrolytic Graphite - Stainless  S tee l  Compatibility 
The pyrolytic graphite, which provides reentry protection f o r  t he  
capsule assembly, w i l l  oxidize at  a uniform predictable rate during reentry. 
A compositional o r  mechanical change i n  t h i s  material resu l t ing  from exposure 
t o  s ta in less  steel  at t h e  reentry temperature could change i t s  oxidation 
character is t ics .  
An experiment was conducted i n  order t o  investigate the  chemical and 
mechanical effects of exposing pyrolytic graphite t o  s ta in less  steel  near o r  
sl ightly above the eutect ic  temperature ( 250OOF) f o r  short  t i m e  periods. 
A 1/2 inch diameter, 0.030 inch th ick  disc  of type 321 s ta in less  steel  
w a s  placed on a 1/2 inch diameter, 0.050 inch th i ck  disc  of pyrolytic 
graphite and heated by induction i n  vacuum u n t i l  evidence of l iqu id  phase 
formation appeared. The sample was then held at  constant temperature fo r  5 
minutes and cooled. A second assembly w a s  prepared and s imilar ly  heated t o  a 
temperature lOOF less than t h a t  which caused melting i n  the  i n i t i a l  sample. 
Th i s  assembly w a s  maintained f o r  5 minutes at  temperatures and cooled. Both 
123 
samples were sectioned longitudinally and metallographically examined. 
A photomicrograph of t h e  sample t h a t  had melted is  shown i n  Figure 50. 
Dimensional measurements before and after t e s t ing  show t h a t  a layer  of PG 
about 50 microns th i ck  (not apparent i n  t h e  photomicrograph) was consumed at  
t h e  surface tha t  had come i n  contact with the molten metal. I n  addition, 
several  cracks developed i n  both the AB and C planes of t he  PG. Th i s  i s  pre- 
sumed t o  be due t o  stresses induced upon cooling by differences i n  thermal 
expansion character is t ics  between the  s ta in less  s teel  and PG. 
Should t h i s  condition occur, heat source i n t e  r i t y  i s  maintained since 
t h e  m a x i m u m  capsule temperature w i l l  be about 2600 F, t h e  melting point of 
type 321 s ta in less  s t e e l .  If temperatures remain high enough during reentry 
t o  e f fec t  removal of t h e  s ta in less  steel, t h i s  condition i s  not detrimental 
t o  PG. The PG i s  not affected if  the  eutect ic  temperature i s  not a t ta ined 
during reentry and no l iqu id  i s  formed. 
Q 
A photomicrograph of a sect ion through t h e  PG disc  t h a t  had been i n  con- 
t a c t  w i t h  s ta in less  s t e e l  below the  eu tec t ic  temperature is  shown i n  Figure 
5 1  a t  50X and i n  Figure 52 at 400X. The material shows no evidence of chemi- 
ca l  interact ion or mechanical degradation as a r e su l t  of contact with t h e  
s ta in less  s t e e l .  
Stainless  St 
Gracked PG 
Unaffected I 
e e l  
'G 
Fig. 50 Pyrolytic Graphite After Contact with Stainless  S tee l  
Above i t s  Eutectic Temperature (5OX magnification) 
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Moun 
M a t  e 
PG 
t i n g  
r i a l  
Fig. 51  Section through Pyrolytic Graphite Surface After Contact With 
S ta in less  S tee l  at  lOoF Below i ts  Eutectic Temperature (5OX magnification) 
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Mounting 
Material 
PG 
Fig. 52 Section through Pyrolytic Graphite Surface A f t e r  Contact With 
Stainless  S tee l  a t  10°F Below i t s  Eutectic Temperature (k00X magnification) 
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HEATER DESIGN AND ETALUATION 
For t he  e l e c t r i c a l l y  heated version of IHCOS, the  heater unit  w i l l  be 
located i n  the  isotope f u e l  cavity within the  l i n e r .  The heater design w i l l  
duplicate the 123 watts of thermal power available from the  radioisotope 
fue l .  
Two heaters of each design were hermetically sealed i n  helium t o  simu- 
l a t e  the  capsule environment i n  the  radioisotope fueled capsule. Helium is 
t h e  end-product of t he  alpha pa r t i c l e s  emitted during the decay of t he  Pu- 
238 f u e l  form proposed f o r  t h e  IHCOS. 
After 30 days of successful operation a t  a simulated l i n e r  wall temper- 
a ture  of 1500°F, one heater of each design w a s  examined metallographically 
f o r  post-test  examination. 
Temperature requirements.-Passive temperature control u t i l i z i n g  conventional 
insulat ion techniques i s  the  selected approach t o  the IHCOS design. When 
passive control i s  used, heat losses a re  by thermal conduction through the  
insulation, and the minimum loss w i l l  be established by the  1000°F m a x i m u m  
temperature l i m i t  on the  oxidizer surface during the no-flow depressurized 
cabin condition. This operational mode r e su l t s  i n  a temperature of 1500°F 
on the capsule l i n e r  surface. 
Material requirements.-The charac te r i s t ics  of several  high temperature heat- 
ing elements were reviewed i n  order t o  se lec t  those best  sui ted t o  the 
current application. Candidate materials include Pt, Pt-Rh,  Nichrome V, and 
Kanthal. The c r i t e r i a  applied i n  the selection included high melting point, 
r e s i s t i v i t y  charac te r i s t ics ,  ava i lab i l i ty ,  backlog of experience, and cost .  
Nichrome V and Kanthal A-1 have been used extensively by TRW Systems and are  
a l so  widely used in  industry. Nichrome V represents a highly developed heater 
material  technology and appears t o  be the most su i tab le  f o r  t h i s  type appli-  
cation. This nickel-chromium a l loy  has the  desired d u c t i l i t y  and oxidation 
resis tance while i t s  coeff ic ient  of resistance r e su l t s  i n  an acceptable 
element length. Unlike refractory resistance elements, Nichrome V has a low 
coeff ic ient  of r e s i s t i v i t y ,  as shown i n  Figure 53, resu l t ing  i n  a resistance 
increase of approximately 6 percent from 7O0F t o  1500°F. T h i s  e l e c t r i c a l  
property eliminates i n i t i a l  high current surges which would occur during 
heater start up. High nickel a l loys  appear best  su i ted  f o r  use i n  fabr icat ing 
t h e  heater leads. 
The most applicable high temperature e l e c t r i c a l  insulat ing materials 
include magnesium oxide, beryllium oxide, and thorium oxide. Thorium oxide 
has superior insulat ing charac te r i s t ics  at  extremely high temperature, but it 
12 9 
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i s  ra ther  expensive and mildly radioactive. Beryllium oxide and magnesium 
oxide both have excellent high temperature insulat ing properties but,  due t o  
ava i lab i l i ty ,  handling, and cost  considerations, magnesium oxide has found 
wider application. 
e r  applications at temperatures i n  excess of 2000°F f o r  long periods of t i m e  
with excellent resu l t s .  
Magnesium oxide has been extensively used by TRW i n  heat- 
Four materials, Inconel 600, Hastelloy X, Haynes 25 and T.D. Nickel were 
considered as candidates f o r  the outer sheath assembly. All of these candi- 
date materials have excellent strength and oxidation resistance at the IHCOS 
m a x i m u m  operating temperature. 
The most commonly employed heater sheath material i s  Inconel 600. This 
a l loy  has been used by TRW f o r  heater applications a t  temperatures i n  t h e  
range of 1800~ t o  2100°F i n  a i r  and vacuum environments with excellent re- 
s u l t s .  
Candidate Heater Designs 
Elec t r ica l  heaters have been developed by TRW f o r  both f l i g h t  and ground 
applications a t  temperatures ranging from lOOOoF t o  4000°F. Many of these 
heaters were spec i f ica l ly  designed t o  simulate the  heat generated by a radio- 
isotope f u e l  contained within a capsule assembly. Heaters i n  t h i s  category 
have been developed by TRW for  t he  POODLE, DART, and SNAP 29 programs. A 
thorough review w a s  performed i n  order t o  select  the approach best suited t o  
the  res i s t ive ly  heated IHCOS design and operating requirements. 
A s  a resu l t  of the  above review, two design approaches were evaluated: 
one, involving a swaged cartridge element; a second based on forming a 
he l i ca l  uni t  from a swaged sheathed element. Both designs a re  shown i n  Figure 
54. 
f o r  the  resistance w i r e ,  magnesium oxide f o r  t he  insulator,  sol id  nickel lead 
wire, and Inconel 600 f o r  the  outer sheath. A description of each design i s  
discussed below. 
Materials of construction chosen f o r  both designs included Nichrome V 
Cartridge heater.-The cartridge heater design involves winding the  resistance 
wire on a ceramic core, careful ly  spacing each turn.  Two nickel e l ec t r i ca l  
leads a re  attached t o  the  same end of the heater wires pr ior  t o  swaging. The 
assembly is  then surrounded with additional e l ec t r i ca l  insulation in  powder 
form and swaged within a metall ic tube which ac t s  as an outer protective 
sheath. Thus, a rugged cyl indrical  heating element i s  produced with leads 
extending from one end of t he  assembly. 
The cartridge heaters used i n  t h i s  task were fabricated by Rama Indus- 
t r i a l  Heater Company, San Jacinto, California. Each heater, 0.625 inch i n  
diameter and 4.0 inches long, w a s  wrapped with a 0.002-inch thick sheet of 
the  capsule l i n e r  material t o  check compatibility of t he  l i n e r  and heater 
sheath. Interdiffusion between these two materials would be detrimental, i f ,  
during t h e  t e s t  period, t h e  extent were suf f ic ien t  t o  a f fec t  the  in tegr i ty  of 
the  heater. This subassembly was inser ted in to  a s ta in less  s teel  sleeve of 
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1.0 inch diameter. The uni t  was then purged and back-fil led w i t h  helium gas 
pr ior  t o  TIG welding the  f i n a l  closure between t h e  heater sheath and sleeve, 
i s  shown in Figure 55. 
Sheathed heater.-The sheathed design i s  similar t o  a sheathed thermocouple 
configuration. This type of element i s  made by threading refractory ceramic 
oxide insulators onto the  resistance wires, and inser t ing the assembly in to  a 
m e t a l  sheath. A swaging operation reduces the  diameter of t he  tube and com- 
pacts t he  insulation t o  produce a tough, in tegra l  assembly of w i r e ,  tube, 
and insulation. This r e l a t ive ly  long, small-diameter unit  can then be formed 
in to  a he l i ca l  configuration with both heater leads attached t o  the  same end. 
The sheathed elements were fabricated by Semco Inc., North Hollywood, 
California.  These elements, 3/16 inch i n  diameter, were formed on a 5/8 inch 
diameter mandrel resul t ing i n  a he l i ca l  configuration w i t h  an outside diam- 
e t e r  of 1.0 inch. The lead end w a s  then positioned i n  l i n e  w i t h  the  longi- 
tudinal  axis of t h e  developed heater.  Each heater was wrapped w i t h  a 0.002 
inch th ick  sheet of t h e  capsule l i n e r  material t o  check compatibility of the  
l i n e r  and heater sheath. This subassembly, shown i n  Figure 56, w a s  inserted 
into a s ta in less  s teel  sleeve. The uni t  was then purged and back-fil led w i t h  
helium pr ior  t o  TIG welding the  f inal  closure between the  heater sheath and 
the  s ta in less  end-cap, as shown i n  Figure 57. 
Heater T e s t  Program 
The prototype IHCOS e l e c t r i c a l  heaters were t e s t ed  at TRW Systems. Com- 
ponents of the  tes t  f a c i l i t y  included instrumentation used t o  monitor t he  
e l ec t r i ca l  t e s t  parameters. A multi-channel recorder together w i t h  a m i l l i -  
vol t  potentiometer provided a redundant temperature measuring capabili ty.  
Redundant chromel-alumel thermocouples were attached at  each temperature 
measuring location. A l l  heater assemblies were t e s t ed  i n  a i r .  
Each of t h e  heater assemblies were wrapped w i t h  approximately s ix  turns 
of 0.002 inch s t a in l e s s  s teel  thermal shielding which was dimpled t o  minimize 
thermal conduction losses between successive shields .  A 1/2 inch thick layer 
of Refrasil* w a s  added t o  raise the temperature at the  l i n e r  material - heat- 
e r  surface interface t o  the  design temperature of 1500°F. In  addition t o  t h i s  
shielding, one of t h e  car t r idge heaters w a s  inser ted in to  a s ta in less  steel  
s t ruc tu ra l  module t o  simulate the  IHCOS operational configuration. 
Two heaters of each design were tes ted  successfully f o r  30 days. A t  t he  
end of t h i s  period, one heater of each design w a s  removed f romthe  tes t  area 
f o r  post-test  examination. The re 
f o r  t h e  remainder of t h e  program. Table 14 presents t es t  parameters recorded 
during these tests.  The cartridge heater contained within t h e  s t ruc tura l  
module i s  shown i n  Figures 58 and 59 and the  sheathed he l i ca l  heater assembly 
is  shown i n  Figure 60. 
*A high temperature Si02 thermal insulation manufactured by H. I. Thompson 
Co., Gardena, California 
ining two heaters were tes ted  a t  1500°F 
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Post - t e s t  heater examination. -At  t h e  conclusion of t h e  30-day t e s t  period, 
heaters S /N 2 and S/N 3 were sectioned and examined microscopically. The - " 
v i s ib l e  thickness of interdiffusion-modified material was measured with a 
metallograph equipped with a cal ibrated eye-piece. Thickness measurements 
were made a t  400x magnification and were reproducible t o  within one micron 
(25.4 microns = 0.001 inch) a t  any location along t h e  heater sheath-liner 
material  interface.  The average interdiffusion reaction zone thickness ob- 
served was approximately 0.2 m i l ,  with a m a x i m u m  of 0.8 mil a f t e r  720 hours 
at 1500°F. A typ ica l  reaction zone i s  shown i n  Figure 61. 
Heater Selection 
The experimentation conducted during t h i s  task  showed tha t  both heaters 
performed sa t i s f ac to r i ly .  In  addition, design techniques employed t o  t a i l o r  
t h e  he l ica l  sheathed heater configuration required f o r  fabrication of a n  
electrically-heated IHCOS were successful. 
Two heater designs were tes ted  i n  a simulated capsule environment for  
30 days a t  1500°F. An additional heater of each type w a s  t es ted  f o r  60 days 
a t  l5OOOF. No deleterious e f fec ts  were observed. Heaters of similar design 
have been successfully tested at TRW Systems f o r  t i m e  periods i n  excess of 
8,000 hours at 18000~.  Since a normal operational temperature i n  the  appli-  
cation t o  the  IHCOS i s  only 800O~, the  t e s t s  performed provide a val id  basis 
for select ing a heater t ha t  w i l l  meet t h e  180-day heater l i f e  requirement. 
The interdiffusion r a t e  between the  l i ne r  material  and the  Inconel 600 
heater sheath material was suf f ic ien t ly  low so tha t  no detrimental e f fec ts  
would be expected i n  a heat source designed fo r  180-day mission. In addition, 
t he  proposed 0.020 inch w a l l  thickness f o r  both l i n e r  and heater sheath 
materials i s  suf f ic ien t  t o  warrant higher temperatures f o r  considerably 
longer periods of t i m e .  
Operation of both the  heater and l i ne r  materials i n  a hermetically 
sealed helium environment resul ted i n  bright and clean surfaces on these 
components. The lack of an oxidizing atmosphere i n  t h i s  simulated f u e l  volume 
w a s  effective i n  maintaining t h e  in t eg r i ty  of the  l i n e r  material  which would 
otherwise oxidize catastrophically.  
After reviewing the  t e s t  data, the  sheathed he l i ca l  heater unit  w a s  
selected fo r  use i n  the  IHCOS. The reasons f o r  t h i s  selection were: 
o The simulation of the  isotope fue l  weight can be more readi ly  
accomplished with t h i s  geometry. 
o The closure of the ex i t ing  leads from the  s t ruc tura l  module 
can be best  accomplished with t h i s  heater. 
Fig. 61 Photomicrograph of Interdiffusion Zone Between Inconel 600 
and Liner (400X). T w + +  at 1500°F fo r  768 Hours i n  a Helium Environment 
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INSULATION EVALUATION 
Long-term t e s t ing  of the two candidate insu la t ion  concepts (vacuum and 
f i l l e d  type) was conducted t o  determine which insulat ion type i s  best  sui ted 
f o r  use i n  IHCOS. T h i s  sect ion presents the objectives, apparatus and pro- 
cedures used, the results obtained, and a discussion of the  resu l t s .  
Objective 
The objective of this t e s t  was t o  evaluate t h e  i n t e g r i t y  and thermal in -  
sulat ion charac te r i s t ics  of the vacuum type insu la t ion  and the Johns Manville 
Min-K 1301 insulation. These t e s t  r e su l t s  were t o  be used t o  es tab l i sh  
whether the IHCOS insulat ion s h a l l  be a vacuum or f i l l e d  insulat ion type. 
Apparatus 
The t e s t  apparatus used t o  obtain t h e  performance data is  shown 
schematically i n  Figure 62 and p i c to ra l ly  i n  Figure 63. The major items of 
equipment included: 
0 Heater 
0 Heater Power Supply 
0 Ammeter 
0 Voltmeter 
o Ikon Constantan Thermocouples 
0 Temperature Recorder 
0 Potentiometer 
0 Test Insulations 
F i l l ed  insulation. -The f i l l e d  insu la t ion  configuration t h a t  w a s  t es ted  i s  
shown i n  Figure 64 and represents a simplified, but thermally accurate, 
version of the  configuration t h a t  would be used i n  the f i n a l  design. The 
simplification i n  geometry was i n  using cyl indrical  bored sect ions as opposed 
t o  a more complex and expensive molded geometry. The insulat ion thickness on 
t h e  hot end and around the  cavi ty  that represented the  ca ta lys t  can is te r  was 
1.5 inches. The thermal model was composed of six (6) pieces of insulatim 
7.6 inches i n  diameter. 
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These were: 
0 A so l id  endqcap, 1.5 inches thick. 
0 Three 2.5-inch thick sections with a 4.6-inch diameter hole i n  
the center  t h a t  simulated the ca ta lys t  canis ter  cavity. 
0 Two 2,S-inch thick sections for  the heat exchanger end with a 
1.6-inch hole i n  the center t o  allow the simulated heat exchanger 
t o  pass through. 
These pieces of insulat ion were wrapped with an aluminum outer s h e l l  and 
clamped f i rmly between two aluminum p la t e s  t o  prevent heat losses  through 
the separation l ines .  The inner cavi ty  had a s t a in l e s s  s t e e l  l i n e r  t o  hold 
the thermocouples i n  place. A heater ra ted at  200 watts w a s  placed i n  the 
cavi ty  and was connected with 0.OSO-ineh nickel lead wires similar t o  those 
t h a t  w i l l  be used i n  the f i n a l  design. A s t e e l  bar with the same cross- 
sect ional  area and length as the  heat exchanger was used t o  simulate the heat 
exchanger conduction losses. The bar had a 4-inch diameter disk welded t o  the  
hot end t o  assure t h a t  it would be a t  the cavitytemperature.  
Vacuum insulation. -The vacuum insu la t ion  canis ter  was manufactured by 
Gardner Cryogenics Co. and i s  shown i n  Figure 65. The insu la t ion  canis ter  
was fabricated from 0.04-inch s t a in l e s s  s t e e l  with the  in t e r io r  surfaces 
coated with gold t o  produce an emissivit 
evacuated t o  a pressure of l e s s  than 10-5 mm/Hg. After several  days of evac- 
uation with the canister! at  an elevated temperature, the canis ter  was  
sealed. The configuration of the canis ter  was iden t i ca l  t o  the configuration 
proposed f o r  t he  f ina l  design. 
of 0.07. The vacuumcanister was 
Procedure 
I n  operatian of the  IHCOS, two temperature levels  are of par t icu lar  
importance. These are 680°F which i s  the  normal operating temperahre and 
1000°F which is  the  maximum temperature during the emergency shutdown con- 
di t ion.  A t h i rd  temperature level ,  12009,  i s  of i n t e r e s t  f o r  the f i l l e d  
insu la t ion  since it should be cured a t  t h i s  temperature t o  outgas possible 
contaminants i n  the binder material. However, above this temperature, an in- 
sulat ion additive which limits radiat ion begins t o  change i t s  charac te r i s t ic  
and can cause a degradation i n  insulat ion effectiveness. The majority of the  
tes t ing  with the  f i l l e d  insu la t ion  was conducted at  these three temperature 
levels.  
The simulated heat exchanger conduction leak was in s t a l l ed  i n  the  unit 
a f t e r  66 days of tes t ing .  
Testing of the vacuum insu la t ion  w a s  first conducted a t  the power leve ls  
anticipated for  the insulat ion losses  at  the  normal and ful l  power conditions 
t o  determine what temperature would resu l t .  Tests were then run t o  determine 
the insu la t ion  power losses at  the normal operating temperature of 680OF. 
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After 24 days of t e s t i n g  with the  VaCUw'fkcanister,the vacuum pinch off was  
opened and the  canis te r  was connected t o  a vacuum system and reevacuated. 
The vacuum system was also used t o  maintain thecan i s t e r  vacuum f o r  the re- 
mainder of the t e s t .  
F i l l ed  insulation.-The f i l l e d  insulat ion was tes ted  for  180 days during which 
time the power l e v e l  was measured for operating temperatures of approximately 
6809,  10009 and 12OOOF. These t e s t  r e su l t s  a re  shown i n  Figure 66. For the 
first t h i r t y  days of tes t ing,  the  power was held at  approximately 46 watts 
during which time the temperature remained constant a t  about 700'~. After 
this period, t h e  power was increased approximately 70 watts and the  tempera- 
t u r e  increased t o  s l i g h t l y  above 1000°F. The power was off from the 47th t o  
the S ls t  day due t o  a heater lead f a i lu re .  After the heater lead was repaired 
the  70 watt and 46-watt conditions were repeated t o  v e r i f y  tha t  the same 
temperatures resulted.  On the 66th day, the power was turned off and the 
simulated heat exchanger conduction leak was ins ta l led .  The unit was then 
cycled between the  low temperature and high temperature conditions t o  
es tabl ish these power leve ls  which were 57 watts and 94 watts respectively. 
On the 104th day of t e s t ing ,  the power was increased t o  bring the  in t e rna l  
temperature up t o  the recommended cure temperature of approximately 120O0F. 
The power was l e f t  a t  this l eve l  until the  118th day a t  which time it was 
returned t o  57 watts t o  determine i f  any degradation had occurred due t o  the 
exposure t o  12009.  The power was l e f t  a t  57 watts for  the  remainder of the 
t e s t  during which time the temperature remained constant a t  approximately 
70O0F. 
Vacuum insulation.-The performance r e s u l t s  of the vacuum insulat ion canis ter  
evacuation are  shown i n  Fig. 67. This u n i t  was i n i t i a l l y  tes ted a t  60 w a t t s  
which was the  power anticipated t o  produce an in t e rna l  temperature of 68003'. 
Since the temperature l eve l  was l e s s  than 68OoF, the power was increased t o  
the  f u l l  power condition of 123 watts t o  see what temperature would resu l t .  
The temperature s t a r t ed  t o  increase u n t i l  it reached 700?? a t  which time the 
temperature abrubtly s t a r t ed  t o  decrease indicating a sudden l o s s  i n  per- 
formance. The power was l e f t  a t  123 watts unti l  the 24th day during which 
time the temperature continued t o  drop. On the 25th day, the power was reduced 
again t o  60 watts and the resu l tan t  temperature was 37OoF. The t e s t  was 
terminated because of t he  reduced performance of the unit and the  canis ter  
was reevacuated and put back on l i n e  a t  60 watts. The in t e rna l  temperature 
returned t o  6 0 0 ~ ~  indicat ing t h a t  an increase i n  pressure due t o  a leak o r  
outgassing caused the loss of performance. After several  days a t  this con- 
di t ion,  t he  power l eve l  was again increased t o  123 watts and this time the 
temperature rose t o  800°F and remained there. On the 45th day, the 60-watt 
condition was rechecked and then the power was adjusted t o  85 watts t o  reach 
an in te rna l  temperature of 6 8 0 ~ ~ .  On the 52nd day, the t e s t  was stopped and 
the vacuum canis ter  
The outer gold surface on the  low temperature w a l l  appeared normal with a 
br ight  gold color. The high temperature o r  inner canis ter  was mottled i n  
appearance with the  bulk of the gold surface contaminanted with a black 
was opened t o  inspect t h e  condition of  t h e  gold surfaces. 
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coating. The black coating was analyzed by infrared spectrophotometry and 
the  coating was ident i f ied  as being a hydrocarbon material. It i s  probable 
t h a t  this contamination can be a t t r i bu ted  to  some material  such as vacuum 
pump o i l  t h a t  entered the  canis te r  during the pump down period. 
Discussion 
F i l l e d  insulation. -The overal l  thermal condmtivi ty  of the Johns Manville 
Min-K 1301 f i l l e d  insu la t ion  was determined from the t e s t  data  at  various 
temperatures and is  shown i n  Figure 68. "his f igure 
fac turers  data f o r  comparison. The or ig ina l  IHCOS design was based on a very 
conservative estimate of insulat ion effectiveness. Results of t h i s  t e s t  i n -  
dicated t h a t  the  insulat ion effectiveness was higher than tha t  used i n  the 
IHCOS design but lower than the manufacturers data. Using t h i s  test data and 
the or ig ina l  design constraints  of a 680°F i n t e rna l  temperature during 
normal operation with a m a x i m u m  allowable temperature of 1000°F during the  
no-flow shutdown condition, the  required insulat ion effectiveness was re-  
evaluated. This analysis resul ted i n  a reduction i n  required insu la t ion  
thickness fram 1.5 inches t o  1.0 inches. 
a l so  shows the  manu- 
The nickel  heater leads used during t h i s  t e s t  were made of the  same 
material  proposed for  use i n  the f inal  heater design. This type of wire had 
been tes ted  a t  TRW f o r  long periods of t i n e  a t  elevated temperatures with 
no problems associated with f a i l u r e  due t o  corrosion. The heater lead f a i lu re  
thatoccurredduring this t e s t  was a t t r ibu ted  t o  the f a c t  that the insulat ion 
had not yet been cured t o  drive off contaminants present i n  the binder 
material. After replacing the  heater lead, no subsequent problems were en- 
countered with this uni t  and examination of t he  leads at  the  end of the t e s t  
revealed that no s igni f icant  corrosion had occurred. 
Vacuum insulation.-The performance of the  vacuum insulat ion was l e s s  than 
required throughout t he  t e s t  period. Also during a portion of the tes t ing ,  
the  insulat ion performance degraded with time due t o  a n  i n t e rna l  pressure 
increase. These fac tors  coupled with the i n i t i a l  d i f f i c u l t i e s  i n  obtaining a 
sa t i s fac tory  gold p la t ing  
indicated t h a t  the vacuum insu la t ion  concept was not sui table  for  the IHCOS 
insu la t i  on. 
t ha t  would withstand the temperature requirements, 
Additional development e f f o r t s  might have produced a vacuum insulat ion 
canis te r  that would have met the design requirements, however, the vacuum in- 
sulat ion approach i s  inherently l e s s  r e l i ab le  than the f i l l e d  insulat ion and 
appears t o  of fe r  no p o t e n t i a  advantages. For these reasons, the f i l l e d  in- 
sulat ion was selected f o r  the f inal  design configuration. 
Conclusion 
Another t e s t  was conducted t o  ver i fy  the conclusion tha t  the uncured 
En-K was the cause of the lead f a i l u r e  and t h a t  curing of the Min-K a t  
1200°F would eliminate the  problem. 
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SYSTEM DESIGN 
The following sect ions describe the design charac te r i s t ics  of the 
ca t a ly t i c  oxidizer with an e l e c t r i c a l l y  heated sirmiiated isotope, and the 
pre- and post-sorbent beds. This complete assembly i s  presented i n  Figure 69. 
Catalytic Oxidizer 
Description.-The ca t a ly t i c  oxidizer assembly i s  shown i n  Figure 70 and i n  
Appendix C with the de ta i led  design drawings. An assembly drawing of the 
isotope heat  source and the detai led design drawings of the liner and strength 
member are  presented i n  the c l a s s i f i ed  summary t o  t h i s  report. 
The ca t a ly t i c  oxidizer i s  14.50 inches long, excluding end f i t t i n g s ,  and 
7.62 inches i n  diameter. The weight of the uni t  i s  approximately 20.9 lbs .  
The unit consists of an outer shield,  molded insulation, and an inner body. 
The inner body is  made up of a regenerative heat exchanger, catalyst  canis ter  
and radio-isotope heat source. 
The regenerative heat exchanger i s  a 5-pass cross-counter flow, s ta in less  
s t e e l  p la te  f i n  heat exchanger. The cold end i s  bolted t o  one end of the 
cy l indr ica l  aluminum shield.  The hot  end of the heat exchanger terminates i n  
a machined flange t h a t  mates with the ca ta lys t  canister.  The gas ports are  
sealed with Parker metal l ic  face seals .  
f i n  and parting sheet thickness t o  reduce core conduction losses.  I n  addition, 
the f i n  height i s  very low t o  obtain high heat t ransfer  coeff ic ients .  The 
center f i n  passage on the  cold s ide  i s  0.146 inches high which allows f o r  the 
passage of heater wires and thermocouple instrumentation leads through the 
heat exchanger. This eliminates the requirement f o r  high temperature e l ec t r i -  
c a l  penetrations in to  the  ca ta lys t  canister.  Sintered metal p la tes  are pro- 
vided a t  the cold ou t l e t  and hot i n l e t  cone face t o  assure good f low d i s t r i -  
bution. 
This heat exchanger has a very small 
The ca ta lys t  canis ter  i s  a cy l indr ica l  unit t h a t  contains the 0.5 per- 
cent palladium ca ta lys t  and the radioisotope heat source. 
ea s i ly  replaceable from the  end opposite the heat exchanger by unbolting the 
end of the shield,  removing the i n s d a t i o n  section, unbolting the  end of the 
ca ta lys t  canister,  removing the screens and pouring the ca ta lys t  out. New 
ca ta lys t  can then be put i n  the unit and the  unit reassembled i n  the reverse 
order. The ca ta lys t  can is te r  body is  furnace-brazed and en t i r e ly  constructed 
of nickel. The radioisotope is  mounted i n  the center of the catalyst  canis ter  
where it i s  supported by posts projecting from ei ther  end of the isotope 
source. One post i s  s lo t ted  and held i n  place with a key t o  prevent ro ta -  
t i ona l  movement of the  isotope heat source. The other post i s  cyl indrical ,  
and f i t s  in to  a socket located on the end of the ca ta lys t  canis ter  away from 
The catalyst  i s  
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t he  heat exchanger. Axial movement is limited with a Bel lev i l le  spring placed 
i n  this socket. This spring also allows f o r  thermal expansion of t he  isotope. 
Work a t  TRW has shown t h a t  the  reentry a i d  f ins are no longer required fo r  
reent ry  protection, however, a heat t ransfer  analysis has shown t h a t  these 
f i n s  modified as s t r a igh t  r a d i a l  fins reduce the maximum isotope heat source 
temperdure. S t ra ight  fins are  therefore  provided on the isotope hea t  source. 
The r e s i s t i v e l y  heated source is, insofar as possible, an exact dupli- 
cate  of the  radioisotope-fueled heat source except that  t he  thermal power 
is  obtained from a r e s i s t i v e l y  heated element located i n  the f u e l  cavity. 
All of the component closures a re  iden t i ca l  t o  those fo r  the radioisotope 
heat  source except t o  allow for the  heater  element leads and required in -  
strumentation. The isotope heat source consists of the following components: 
l i n e r ,  strength member, cladding, reent ry  member, and s t ruc tu ra l  module. 
The l i n e r  provides a compatible container f o r  the fuel .  The strength member 
provides protection during impact and contains the pressure caused by the 
helium buildup. Cladding is  provided f o r  oxidation protection. A pyrolytic 
graphite s h e l l  provides aerothermal reentry protection. The s t ruc tu ra l  
module which contains the radial f in s  provides oxidation protection and heat 
t ransfer  surface area. 
The ca ta lys t  mater ia l  i s  located i n  eight compartments located between 
the  fins of t h e  isotope heat source, A perforated s t e e l  p l a t e  and screen i s  
placed a t  one end of the ca ta lys t  compartment and a screen i s  located at  the 
other end t o  prevent the ca t a lys t  mater ia l  f rom entering the heat excharger. 
A machined cover i s  located at the  end of the  ca ta lys t  canis ter  away from 
the  heat exchanger t o  provide access t o  the isotope heat source and ca ta lys t  
material. T h i s  flange is held i n  place with bol t s  and sealed with a Parker 
metal face seal.  
The en t i r e  area between the inner body and the  sh ie ld  i s  f i l l e d  with 
molded insu la t ion  (Johns Manville Min-K 1301). The insu la t ion  i s  molded i n  
f ive  pieces; four half  cy l indr ica l  sections t o  insulate  the ca ta lys t  
canis ter  and che heat exchanger and one t o  insulate  the ca ta lys t  canis ter  
cover. 
The aluminum outer shield separates at  the ca ta lys t  cover and canis ter  
plane t o  allow access t o  the insu la t ion  and inner body of t h e  unit. The 
aluminum outer shield is  a l so  attached t o  the cold end of the  regenerative 
heat exchanger. The shield is  painted white t o  provide a high emittance, 
and thus reduce i t s  surface temperature. 
F i t t i n g  ends on the  cold end of the regenerative heat exchanger are  per 
MS33666-12, for  tube connections. A n  e l e c t r i c a l  feed-through is  also located 
at  the cold end of t he  heat exchanger f o r  instrumentation leads and fo r  the  
e l e c t r i c a l  leads of the optional e l e c t r i c a l l y  heated simulated isotope. The 
instrumentation and e l e c t r i c a l  leads pass through the i n l e t  gas passage of 
the  regenerative heat exchanger. Instrumentation consists of recording gas 
temperatures a t  the i n l e t  of t he  ca ta lys t  bed and the heater surface tempera- 
ture .  
Structural  analysis.-Additional structural analyses conducted on the  cataly- 
t i c  oxidizer revealed that the  metal spokes t h a t  were previously proposed t o  
support the ca t a lys t  canis ter  t o  the  outer shield were not required. The 
major loads imposed on the  uni t  were due t o  vibrat ion which i s  present as a 
steady s t a t e  acceleration, launch and space operation sinusoidal and random 
vibrations and shock inputs. The temperatures used i n  the analysis were the 
maximum values which were possible. Very l i t t l e  thermal cycling i s  expected 
which helps assure  the  success of the load bearing insulat ion concept. Vibra- 
t i o n  and thermal expansion were of primary i n t e r e s t  i n  determining the  work- 
a b i l i t y  of the  load bearing insulat ion concept. 
Since the system natural  frequency is  extremely dependent upon the  
method of mounting, a typ ica l  case of 100 g ' s  acceleration was assumed. This 
value i s  probably higher than would occur i n  actual  operation, but was chosen 
a f t e r  a carefu l  study of t he  vibrat ion requirements. The 100 g vibrat ion 
load producgs approximately an  80 p s i  s t r e s s  i n  the  insulation. This s t r e s s  
was determined by assuming a s ine  load d is t r ibu t ion  between the  cylinders 
and the insulation. A s t r e s s  of t h i s  magnitude w i l l  produce no damage t o  the  
insulation, which has an approximate yield s t r e s s  of 700 ps i  i n  compression. 
Similarly, the  s h e l l  and s t ruc ture  have adequate strength t o  withstand 
vibration'  loads, assuming a reasonable mounting configuration, such as sup- 
porting the  outer s h e l l  at  the heat exchanger end or supporting the  outer 
shell a t  both ends. 
The small thermal s t resses  involved should not a f f ec t  the insulat ion i f  
Since 
it i s  in s t a l l ed  properly. The d i f f e r e n t i a l  expansion of t he  in t e rna l  she l l ,  
over the extremes of operating temperature, i s  about 0.00611 radial ly .  
the insulat ion i s  about 1.011 thick,  the  radial expansion r e su l t s  i n  0.4% 
rad ia l  s t r a in .  ?"ne t ange t i a l  s t r a i n  was not calculated but would be less than 
the  r a d i a l  s t r a i n  and therefore was ignored. A 0.4% radial s t r a i n  would pro- 
duce only about 40 p s i  s t r e s s ,  much below the yield s t r e s s  of 700 psi .  
Pre- and Post-Sorbent Canisters 
Description.- The pre- and post-sorbent canis ters  are shown i n  Figures 7.1 and 
72; the assembly and d e t a i l  design drawings are presented i n  Appendix C. The 
un i t s  are constructed of 321 s t a in l e s s  steel  and consist  of a cyl indrical  body 
with a flange, housing an rrOrr  r ing seal on one end and a 450 cone out le t  duct 
on the other end; a flanged 450 cone i n l e t  duct i s  used f o r  the cover. The 
flange on the cover mates and i s  bolted t o  the flange on the body. A 235 mesh 
screened r ing  i s  located i n  the ou t l e t  end of the body t o  r e t a i n  the sorbent 
i n  the body. A screened r ing backed by a compression spring i s  used t o  com- 
press the sorbent material and keep it from channeling. The spring i s  com- 
pressed between the cover on one end and the screened r ing and sorbent material 
on the other end. 
sorbent material i s  environmental grade l i thium hydroxide. 
The mated sealing flange i s  used as a mounting ring. The 
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CONCLUSIONS 
The program for  the  development and design of an isotope heated cata- 
ly t ic  oxidizer system (IHCOS) has resul ted i n  detai led engineering drawings 
of a ca t a ly t i c  oxidizer assembly and pre- and post-sorbent beds. T h i s  
system, sized f o r  9 men,can be successfully used t o  control a s ignif icant  
portion of the contaminants anticipated t o  be present i n  a typical  ear ly  
space s ta t ion.  
Pre- and post-sorbent beds of l i thium hydroxide s i tuated i n  a moist-gas 
stream o r  impregnated with l i thium chloride, augmented with a main sorbent 
charcoal bed can e f fec t ive ly  control those contaminants potent ia l ly  poisonous 
t o  the ca ta lys t  o r  t h a t  w i l l  decompose t o  undesirable products. Testing of 
the ca ta lys t  a t  design conditions with the ca ta lys t  d i r ec t ly  exposed t o  poten- 
tial poisons revealed t h a t  poisoning by halogenated compounds i s  reversible 
whereas poisoning by the acid gases i s  i r reversible .  
pounds are  best  controlled by charcoal whose capacity f o r  these compounds i s  
be t t e r  i n  a dry gas stream than a moist gas stream. The capacity of charcoal 
however i s  poor f o r  some specif ic  halogenated compounds such as b e o n  23, and 
the use of these compounds i n  a spacecraft should be res t r ic ted .  The capacity 
of charcoal however i s  poor f o r  some specif ic  halogenated compounds such as 
Freon 23, and the use of these compounds i n  a spacecraft should be r e s t r i c t ed ,  
The acid gases a re  controlled by l i thium hydroxide and a l so  by charcoal when 
they are i n  a moist atmosphere. Halogenated compounds will decompose i n  the 
oxidizer t o  acid gases which are e f fec t ive ly  controlled by lithium hydroxide. 
Ammonia did not decompose i n  the oxidizer. 
The halogenated com- 
The isotope heat source configuration most sui table  f o r  the  IHCOS con- 
sists of a l i n e r  f o r  compatibility with t h e  Pu-238 f u e l  form, a strength 
member fo r  impact survival, noble metal cladding f o r  oxidati2n protection, 
a pyrolytic graphite reentry member f o r  aerothermal reentry protection, and 
a stainless s t e e l  s t ruc tu ra l  module f o r  oxidation protection and t o  provide 
a heat transfer surface. Testing of these materials indicated tha t  fabrica- 
t i o n  and joining can be sa t i s f ac to r i ly  accomplished and t h a t  the materials 
a re  ccanpatible with each other with no appreciable interdiffusion occurring 
over the range of expected operating conditions. 
A sheathed h e l i c a l  heater provides the  most sa t i s fac tory  choice f o r  use 
i n  an electrically heated simulated isotope heat source. 
The use of Johns Manville M i n - K  1301 f o r  the IHCOS thermal insulat ion i s  
superior t o  the use of the vacuum insulat ion canis ter  t h a t  was tested. 
The ca t a ly t i c  oxidizer requires 125 watts of power with 1-inch of insula- 
"he pre-and post-sorbent 
t i on  and is  14.5 inches long excluding end f i t t i n g s  and 7.6 inches i n  diameter. 
The weight of the ca t a ly t i c  oxidizer i s  20.9 pounds. 
canis ters  u t i l i z e  l i thium hydroxide and weigh 2.8 and 4.9 pounds, respectively. 
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APPENDIX A 
MATERIAL SPECIFICATION 
TANTALUM ALLOY PLATE, !3HEEl' AND STRIP 
1. SCOPE 
1.1 Scope. This specif icat ion establ ishes  the  requirements f o r  re- 
c rys ta l l ized  annealed tantalum a l loy  p la tes ,  sheets,  and s t r i p s  f o r  t he  fabricat ion 
of components used at  elevated temperatures. 
1 .2  Classification. Tantalum a l loy  plate3,  sheets and s t r i p s  procllred 
t o  t h i s  specif icat ion shall be supplied i n  t h e  following types a s  specified. 
Tspe 
me 1 
Type I1 
Type 111 
Composition 
Ta - 10 W 
Ta - 8 W - 2 H f  
T a  - 19"5 W - 2.5 H f  - .01G 
2. APPLICABLE DOCUMENTS 
2.1 The following documents of t h e  i ssue  i n  effect  on t h e  date  of 
i nv i t a t ion  f o r  bids o r  request f o r  proposal, form a par t  of t h i s  Specification t o  
t h e  extenbspecif ied herein. 
option of t h e  supplier providing no degradation of t he  product ensues. Mandatary 
use of l a t e r  documents s h a l l  be a s  negotiated between TRW Systems and the  suppl ier ,  
Later issues  of these documents may be w e d  a t  t he  
STANDARDS 
Federal 
Federal Test Method 
Standard No. 151 
American Society f o r  Testing Materials 
AS*TM-E112 
ASTM-E21 
O T m  P5TBLICATIONS 
National A c a d w  of Science2 
Material Advisory Board 
MAB-192-M 
Metals; Test Methods 
Methods fo r  Determining Average 
Grain Size 
Short-Time Elevat.ed-Taperature 
Tension Tests of' Materials 
Columbium and Columbium Alloy 
S t r ip ,  Sheet Foil  and P la t e  
Evaluation Teat Methods f o r  
Refractory Metal Sheet Mat.erial 
3. REQUIRElfElJTS 
3 . 1  Manufacture. The mill products covered by t h i s  specification a re  
formed with t h e  conventional forging and ro l l ing  equipment normally found i n  
primary ferrous and nonferrous plants. The ingot metal f o r  such mill operations 
s h a l l  be double vacuum melted i n  a furnace of a type suited fo r  reactive metals. 
The ingot s h a l l  be f r e e  of voids as determined by ultrasonic inspection. 
3 .1 .1  Unless otherwise specified,  material  sha l l  be furnished i n  
the  recrystal l ized annealed condition. 
3.2 C h d c a l  Composition. The chemical composition of tantahn 
a l loy  ingots f o r  conversion t o  finished products covered by t h i s  specification 
sha l l  conform t o  the  requirements f o r  chemical compoPition a% prescribed i n  
Table I. The manufacturer's ingot analysis sha l l  be considered the  chemical 
analysis f o r  products supplied under t h i s  specification, except tha5 carbon, 
oxygen, nitrogen and hydrogen sha l l  be determined on the  f inkhed  procicct:: and 
s h a l l  conform t o  Table I. 
3 * 3  Hardness readings sha l l  be as specified i n  Table I. 
TABLE r 
Hardness Requirements 
Alloy 
Type I 
Type I1 
'Type 111 
Element 
Tungsten 
Hafnium 
Carbon 
Nitrogen 
oxsgen 
Hydrogen 
Boron 
Cobalt 
Iron 
Molybdenum 
Nickel 
Vickers 
230 Max. 
280 Max. 
310 Max. 
TABLE I1 
Thickness 
.005 t o  .08011 over .08011 
30 N 40 w. Ra 60 Max. 
30 N 50 Max, ~za 65  ax. 
30 N ?9 Max. Fla 70 Max. 
SffEKCCAL COMPOSITION+ 
Type I1 ZYEG 
50 pp* 
Vanadium 
Colubium 
Tantalum 
2000 P P  
Balance 
20 P P  
2000 p p  
Balance 
20 PFan 
2000 pFpn 
Balance 
45 Meximwn limits unless otherwise indicated 
4Htppm- parts per mill ion 
3.4 Tensile Properties 
3.4.1 Room Termperature. The annealed materials when tes ted  at  room 
temperature, s h a l l  have minfmumtensile properties i n  accordance with Table 111. 
TABLE 111 
Tensile Properties a t  Room Temperature 
Alloy Designation 
Type I Type I1 Type 111 
Ultimate Tensile Strength 1,000 p s i  75 80 105 
Yield Tensile Strength 1,000 p s i  
Elongation % in 1 inch 
65 65 100 
1.5 20 20 
3.4.2 Elevated Temperature. When specified in t he  puchase wcisr, 
t h e  t e n s i l e  properties of annealed material  when measured a t  elevated temperature 
s h a l l  have minimum values i n  accordance with Table IV. 
be measured a t  3000°F 2 25OF i n  vacwan at a pressure not t o  exceed 1 x 10-4 mm of 
mercury e 
These propertie? s h a l l  
TABLE IV 
Tensile Properties a t  3000°F 
Alloy Designation 
Type I Tspe I1 Type 111 
Ultimate Tensile Strength, 1000 p s i  20 15 2% 
Yield Strength, 0.2% of f se t ,  1000 p s i  14 13 20 
Elongation, % i n  1 in. 15 30 30 
3.5 Duct i l i ty .  
bend of 105 degrees around a radius equal t o  t h e  material thickness at  mom 
Sheet o r  s t r i p  s h a l l  be capable of withstanding a 
temperature without cracking as viewed under 1OX magnification. 
3.6 G r a i n  Size. Grain s i z e  s h a l l  be ASTM number f ive  o r  f i n e r  
3.7 Dimensional Tolerances 
3.7.1 Thickness tolerances f o r  sheet and s t r i p  s h a l l  conform t o  
the  following: I 
175 
Sheet o r  strip thickness,  inches 
up t o  .010 
Tolerances 
- + .001 
.010 t o  .050 - + .002 
.050 t o  .O75 
.075 t o  .l87 
- + .003 
- + .010 
3.702 All other tolerances s h a l l  be i n  accordance with ASTM 
B393 except t h a t  f o r  material grea te r  than 24 inches i n  width, width tolerance 
s h a l l  be + 1/41!, -0" and f o r  material  g rea te r  than 24 inches i n  length,  length 
tolerances s h a l l  be + 1/21! , -0" ., 
3.8 lZdge3. Edges of sheet and s t r i p  s h a l l  be produced by s l i t t i n g  
o r  shearing with a burr  height not t o  exceed 5 percent of t he  material  thickness. 
3.9 m s h .  
maehiried f i n i s h ,  with a chrmically clean surface. 
o r  foreign matter on t h e  surface. 
A l l  material  s h a l l  be supplied with a cold rol led 3r 
There s h a l l  be no discoloration 
3.10 Quality. All material  s h a l l  be f r e e  from s l i v e r s ,  cracks, p i t s ,  
b l i s t e r s ,  and laminations. 
spot grinding. provided t h a t  such conditioning does not v io l a t e  t h e  minimum gage 
t,olerance. 
Unless otherwise specified,  p i t s ,  scratches,  or  gouges s h a l l  be acceptable if no 
deeper than 0.002 inch o r  deeper than 10% of the  thickness of t he  Hheet whichever 
i s  smaller. 
Local surface defects may be removed by buffing o r  
Such ranoval must be accomplished p r io r  t o  f i n a l  f in i sh  treatment,. 
3.11 Ident i f ica t ion  of Product. Each p l a t e ,  sheet and s t r i p  - h a l l  be 
marked with t h e  contract o r  order number, ingot melt number, specification n-arber, 
type and nominal dimensions. 
adnesive s t i cke r  
The ident i f ica t ion  s h a l l  be put on a removable 
4. QZALITY ASSURANCE PROVISIONS 
4,1 Acceptance 
4 0 i . i  Cert i f icat ion.  The suppl ier  s h a l l  c e r t i f y  t h a t  each ohipmezt 
of material  made t o  t h i s  specif icat ion conforms t o  t h e  requirements o f t h i s  
speeif icat ion.  
indicating: 
The supplier s h a l l  submit th ree  ce r t i f i ed  copies of a report 
( a )  Chemical composition 
(b) 
( c )  
(d) Duct i l i ty  
(e )  Grain s i z e  
( f )  Hardness 
Tensile t e s t  r e s u l t s  a t  room temperature 
Tensile t e s t  resilts a t  elevated tanperature (when specified) 
This report shall include the  purchase order number, heat number, material 
specification number, alloy type, nominal dimensions and quantity from each 
heat. 
4.1.2 Responsibility. Unless otherwise s ta ted on the  applicable purchase 
order o r  other procurement document, acceptance tes t ing  shall be performed by the 
supplier. 
for th  i n  t h i s  specification where such inspections a r e  deemed necessary t o  assure 
tha t  t he  material conforms t o  prescribed requirements. 
TRW Systsans reserves the  r ight  t o  perform any of the  inspections s e t  
4.1.3 Samplini;: 
4.1.3.1 &&. A l o t  s h a l l  comprise material of the  same cross section 
Unless otherwise specified the stipplier 
dimensions fabricated from a single ingot. 
representative of t he  finished product. 
s h a l l  include s u f f i c b n t  material (40 square inches minimum) t o  be wed f o r  
acceptance tes t ing  . 
The aamples sha l l  be taken so as t o  be 
4.1.4 Testing. Acceptance tes t ing  sha l l  consist of t*ne following: 
( a )  Chemical composition 
(b) Zardness t e s t  
( c )  Tensile test  
(d) Duct i l i ty  t e s t  
( e )  Grain s ize  t e s t  
( f )  Visual and dhensional  examination 
hal05 Rejection andl Resiibmittal. Material not cmformhg %o a l l  3f the 
reqdremente of t h i s  specification s h a l l  be subject . to rejection. 
s h a l l  be accompanied by a statement prodding evidence of corrective a c t i x ,  
Res3dxnit,tal 
4 ,2  Test Methods 
. .  4.2.1 Chemical Composition. The methods fo r  sampling and ana1yZi-s .--.Aal- 
be those agreed upon between TRW and the  supplier. 
4.2.2 Hardness Test. Hardness t e s t  Method 243.1 or  241!+.1 of Fea. Ye-t 
Method Std. No. 151 sha l l  be used. 
4.2.3 Tensile Test. 
4,2.3.1 Room Temperature. Two t ens i l e  t e s t  specimens sha l l  be prepared 
The s t ra in  r a t e  sha l l  be maintained at  0,005 ~fr 0.001 
and tes ted  per MAB - 192 - M. 
t he  f i n a l  rol l ing direction. 
inch per inch per minute through t h e  0.2% offset  yield strength and at  0.05 2 0.005 
inch per inch per m b i i h e  thereafter.  
The axis of the  specimens shall be t ramverse t o  
4.2.3.2 Elevated Temperature. Test specimens s h a l l  be tes ted i n  accmdance 
with A.S.T,M. E 21. Strain rate sha l l  be .05 in .  per in.  per minute. 
5. PREPARATION FOR DEZIVEEf 
5.1 Packaging e All material sha l l  be packed and pa ed i n  a manner 
1 prevent damage i n  t r a n s i t  and storage. 
t ec t ive  coating on each side. 
Material sha l l  have adhesive 
6 .  NOTES 
6.1 Intended Use. The al loys described by t h i s  specification a re  
intended f o r  use i n  space power systems. 
6 e 2 Ozdering Data. Procurement documents sha l l  specify the 
following : 
( a )  
(b) Alloy type 
(c )  Product s i ze  and quantity 
(d) 
T i t l e ,  number and date  of this specification 
Rqsrement  f o r  elevated temperature t e n s i l e  tes t ing  ( i f  
applicable) .,
6.3  Definitions 
6.3.1 Pla te  - 611 wide o r  over and more than 3/1611 thick 
6.3.2 Sheet - 611 wide o r  over and 3/1611 thick or  le53 
6,3.3 S t r i p  - less than 611 wide and 3/16!! thick o r  l e s s  
MATERlAL SPECIF'ICATION 
MOLYBDENUM-0 -5 PERCENT TITANIUM-0 e 0 8  PERCEX'JT ZIRCONIUM (TZM) 
WROUGHT BARS 
1. SCOPE 
1.1 Scope. This specif icat ion covers wrought bars of carbon- 
deoxidized TZM produced by vacuum arc-casting. 
2. METHOD OF PROCESSING 
2.1 Bars s h a l l  be ro l led ,  o r  rol led and waged, from arc-cast TZM b i l l e t s  
produced by t h e  consumable-electrode vacuum arc-melting process. 
3 .  CHEMICAL COMPOSITION 
3.1 The chemical composition of t h e  b i l l e t s  from which these bars 
a r  prodwed s h a l l  conform tc t he  following limits: 
Element 
Check 
Maximum Minimum Analysis 
Percent Percent P erc ent 
Carbon 0.03 0.01 - + 0.005 
Titanium 0.55 0.40 - + 0.05 
Zirconium 0.12 0.06 - + 0.02 
Gaseous elements ( l i s t e d  below) 0.005 -- 
Trace elements ( l i s t e d  below) 0.018 -- 
Molybdenii (by difference) -- 99-25 
3,101 Gaseous elements as determined by vacuum fusion analysis sha l l  
conform t o  t h e  following: 
Element. 
Omgen 
Hydrogen 
Nitrogen 
MaJdmum Weight 
P erc ent 
0.0025 
0 0005 
0 -002 
3.1.2 Trace elements as determined by spectrographic analysis s h a l l  
conform t o  t h e  following:. .. 
Element Maximum Percent 
I ron 
Nickel 
S i l icon  
0.008 
0.002 
0.008 
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4. STRUCTURAL CONDITION 
4.1 The maxfmum grain s ize  of recrystall ized bars  sha l l  be ASTM No, 3 
(ASTM E 112) 
5. MECHANICAL PROPERTIB 
5.1 A l l  t e s t  specimens s h a l l  be taken from bars selected at random. 
5.2 Hardness of stress-relieved bars sha l l  be determined at  the mid- 
radius of t he  bars and s h a l l  conform t o  the  following limits: 
Diameter 
of Bar i n  Inches 
1/8 t o  7/8 
Over 7/8 t o  1 1/8 
Over 1 1/8 t o  1 7/8 
Over I 7/8 t o  2 7/S 
Over 2 7/8 t o  3 1/2 
Over 3 1/2 t o  4 l/z 
DPH Hardness (10 Kg) 
Minimm Maximum 
260 320 
250 310 
245 
2 k O  
235 
230 
300 
290 
285 
280 
5.2.1 Hardness of recrystall ized bars sha l l  be determined at  the  
mid-radius of the  bars and sha l l  conform t o  the  following: 
Diamet e r  
of Bar i n  Inches 
DPH Hardness (10 Kg) 
MELXhUm 
1/8 t o  4 1/2 215 
0 
5.3 
of 0.002 t o  0.005 in./in./min. through 0.6 percent offset  and of 3.02 t3 0.95 
in./in./min, t o  fa i lure .  
longitudinal direction using t e e t  specimens taken a t  the  c a t e r  of the  bar zp t o  
1 1/8 inches i n  diameter and a t  mid-radiuc, fo r  over 1 1/8 inches i n  diameter, 
Test specimens sha l l  be made i n  accordance with ASTM Specif icat im E8, I'ne gage 
diameter of t he  t e s t  bar s h a l l  be 4.D f o r  a l l  bar diameters. 
Tensile t e s t s  sha l l  be conducted a t  70 t o  85 F using a straiz: P~:E: 
A l l  t ens i l e  properties s h a l l  be determined i n  the 
5.3.1 m e  properties of stress-relieved bars sha l l  conform t o  t n e  
following : 
Diameter 
of Bar i n  Inches 
1/8 t o  $/8 
Minimtun 
Minimum Yield Nidknm 
Tensile Strength, PSI E1mga:ix 
Strength, PSI (Oo2$ Offset) Percent i n  &?I 
115,000 100,000 18 
Over 7/8 t o  1 l/8 110,000 95,000 15 
Over 1 1/8 t o  1 7/8 100 9 000 85,000 10 
Over 1 7/8 t o  2 718 90 000 80,000 10 
Over 2 7/8 t o  3 1/2 85,000 75,000 /' r; 
80 000 70 000 5 
5.3.2 If tensile properties a re  specified a t  the  time of purchase, 
t he  properties of recrgstal l ized bars s h a l l  conform t o  t h e  following: 
Mlnimwp. Yield 
Diameter Minimum Tensile Strength, PSI 
of Bar in Inches StrenRth. PSI 
Less than 2 
2 t o  4 1/2 
80,000 55,000 20 
75,000 45,000 10 
6. DINEXSIONAL TOLEBANCIS 
6.1 Bars s h a l l  be supplied t o  t h e  limits shown i n  the  following table:  
Diameter Diameter Variation, ht of R0l;mCi 
of Bar i n  Inches Inches L.?ehe.., 
1/8 t o  9/32 
Over 9/32 t o  13/32 
Over 13/32 t o  5/8 
Over 5/8 t o  7/8 
Over 7/8 t o  1 
Over 1 t o  1 3/8 
Over 1 3/8 t o  1 1/2 
Over 1 1/2 t o  1 5/8 
Over 1 5/8 t o  2 
Over 2 t o  2 112 
Over 2 1/2 t o  3 1/4 
Over 3 1/4 t o  3 1/2 
Over 3 1/2 t o  4 1/2 
+ 0.002 
+ 0.003 
+ 0.1310 
+ 0.015 
+ 0.020 
+ 0.020 
+ 0.020 
+ 0,025 
+ 0.030 
+ 0.032 
+ G,032 
+ 0.045 
+ 0.062 
- 0.002 
- 0.003 
- 0.005 
- 0.005 
- 0.005 
- 0.010 
- 0.015 
- 0.015 
- 0.0a 
- 0.032 
- 0.032 
- 0.045 
- 0.062 
0.012 
3 oG15 
0.015 
G 018 
C I :22 
6.2 Centerless ground bars sha l l  be supplied with a to1eraz.c-e 2f - + 
0.002 inch f o r  &inch diameter and under, 2 0.003 ineh f o r  over %inch diameter.. 
6.3 The maximum variat ion from straightness s h a l l  be 0,050 inc?, per f o o t .  
6.4 Maxfmum var ia t ion i n  cat  lengths s h a l l  be + 1/4 inch, - 0 ,  
7. SURFACE FINISH 
7.1 A l l  bars s h a l l  be supplied with chemically o r  mechanical13 clemeii 
surfaces. 
7.2 Minor surface imperfectiocs may be rmoved prodded such remwal 
does not reduce t h e  dimension below t h e  minimum permitted by the  %oleranee fo- 
t h e  s i z e  specified. 
7.3 Centerless grad bars s h a l l  be supplied with a surface firiisn 
181 of 90 RMS or better., 
8 .  I N S P E C T I O N  
8.1 The surface and ends shall be free of a l l  surface defects  which 
may be detected by dye penetrant inspection methods. 
8.2 Bars of 2--inch diameter o r  more s h a l l  be sound, as determined by 
ul t rasonic  inspection methods. 
8.3 Bars of smaller diameter than 2 inch s h a l l  be u l t rasonica l ly  inspected 
f o r  soundness, i f  requested. 
9. MARKING 
9.1 A l l  bars s h a l l  be ident i f ied  with the  heat number. The characters 
s h a l l  be applied using a su i tab le  marking f l u i d  t h a t  will withstand ordinaqy 
handling. 
10. PACKING AND S H I P P I N G  
10,l The material  s h a l l  be packed so  tha t  darnage will rst occur during 
ordinary shipping and handling. When shipped, each box or  pa l l e t  Phall be con- 
spicuously marked with t h e  customer's name and purchase order number a s  well as 
t h e  manufacturer's ident i f ica t ion .  
11. REPORTS 
11.1 Each shipnent s h a l l  be accompanied by a shipping memora::2-m 
and q.c;ality control report  s t a t ing  t h e  cpecification number, t he  number of pieces, 
heat number, chemical composition of t he  b i l l e t ,  bar  s izes ,  s t ruc tu ra l  condition, 
mechanical properties,  and net, weight of each bar  s ize .  
11.2 If requested a t  t h e  time of purchase, ce r t i f i ed  copie; of' a te-.: 
report  s h a l l  be furnished. 
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MATEXIAL SPECIFTCATION 
PLATINUM-RHODIUM ALIDY TUBE, SHEET AND STRIP 
1. SCOPE 
1.1 Scope. This specification establishes the  requirements f o r  
platinum-rhodium a l loy  tube, sheet and s t r ip .  
2. APPLICABLE DOCUMENTS 
(None). Existing specifications f o r  Pt-Rh alloys a r e  ta i lored t o  
specif ic  applications and a re  generally proprietary f o r  a given customer and 
fabrication. 
3. REQUI-TS 
3.1 C h d c a l  Composition. The purity of t he  platinum-rhodim a l l07  
sha l l  be determined by quant i ta t ive spectrographic procedure. 
sha l l  be determined by e i ther  standard chemical procedure o r  X-ray spectrographic 
procedure. The concentration of any single impurity i n  no case ahal l  exceed %fie 
m a x h u m  amount l i s t e d  i n  the  tabulation below. The combined t o t a l  of the  vario-c- 
groups of selected impurities sha l l  not exceed the  maximum fo r  tha t  group a.: fn- 
dictated i n  tab le  I. 
The Thodim emtent, 
TABLE I 
CHEMICAL COMPOSITION 
Element 
Mo 
Au 
Fe 
S i  
4 3  
Pb 
Sn . 
Zn 
Sb 
A S  
Cd 
B i  
Cu 
Pd 
Other* 
P t + m  
* 
No other single elanent s h a l l  exceed 200 ppm. 
Maximum ppm 
100 
100 
100 
100 
70 
70 
70 
70 
70 
70 
70 
40 
150 
250 
200 
99.90% Mino 
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temp 
and 
TABU3 I1 
TlZlJSIY,;E PROPFBTIES AT ROOM TEMPERATURE 
Material 
P t  
90 P t  -1ORh 
80 P t  -2ORh 
60 P t  -4ORh 
T ensile Strength 
40,000 ps i  
92,000 ps i  
107,000 ps i  
77,000 p,si 
3.2.2 Elevated Temperatare. When specified i n  the  purchase order, 
t he  t ens i l e  properties of annealed material when measured a t  e lemted temperatxe 
sha l l  have mintmum values An accordance with tab le  111. 
be measured a t  20000F2 25 F i n  vacuum a t  a pressure not t o  exceed 1 x lo-'+ 
mm of mercury. 
These propertier pliall 
TABLE I11 
TENSIX PROPERTIES AT 2000°F 
Material 
P t  
90 P t  -1ORh 
80 P t  -2ORh 
60 pt, -40% 
Tensile Strength 
$,OOO p3i 
12,300 p:=i 
21,em p - i  
2??9fSG p:.i 
3 ., 3 
3 o: .1 
Dhensional Tolera,- v e a  
Thickness tolerancsp f o r  sheet and s t r i p  sha l l  cmfo-m i 3 :he 
follawing : 
Sheet- o r  S t r i p  Thidmesa, Inches Toleranced< 
J p  t o  .010 - 4. .oOs5 
.050 t o  .075 - + .002 
.010 t o  ,050 - + .COi 
.075 to .187 - + .005 
3 -4  of sheet and s t r i p  s U be produced litti% or 
with riot t o  exceed 5 perc of t he  materi 
3.5 Finish. A l l  material  s h a l l  be supplied with a cold rol led o r  machked 
f in i sh ,  with a chemically clean surface. 
foreign matter on t h e  rmrface. 
There s h a l l  be no discoloration o r  
4. QUALITY ASSURANCE PROVISIONS 
4 1 Acceptance 
4.1.1 Cert i f icat ion.  The supplier s h a l l  c e r t i f y  t h a t  each Thipnent 
of mater ia l  made t o  t h i s  ipec i f iea t ion  conforms t o  t h e  requirements of t h i s  
specification. 
indicat ing : 
The supplier s h a l l  Tubmit th ree  ce r t i f i ed  copies of a report 
( a )  Chemical composition 
(b) 
( c )  
(d )  D x t i l i t y  
(e) Grain s i z e  
( f )  Hardness 
4.1.2 Responsibility. Unless otherwise s ta ted  on the  applicable 
Tensile t e s t  r e s u l t s  a t  mom temperature 
TeriL;ile t e s t  r e su l t s  a t  elevated temperature (when specified) 
purchase order o r  other procurement document, acceptance t e s t ing  sha l l  be per- 
formed by t h e  supplier,  TRW Systems reserves the  r igh t  t o  perform any of tne  
inspections se t  fo r th  i n  t h i s  specif icat ion where such inspection? a r e  deemed 
necessary t o  assure t h a t  t he  material  conforms t o  prescribed requirementj. 
4.1.3 Rejection and Resubmittal. Material not conforming t o  a l l  of the  
req-cirements of t h i p  specif icat ion s h a l l  be subject t o  re ject ion.  Reeubmittal 
s h a l l  be accompxriied by a statement providing evidence of corrective a c L i x A n  
5 .1  Packaging. All material  s h a l l  be packaged i n  a mamer tha t  w l l l  
prevent damage i n  t r a n s i t  and storage, 
6. NOTES 
6.1 Intended gse. The al loy3 described by t h i s  spec i f i ca t im  a re  
intended f3r w e  i n  radioimtope heat source assemblies. 
6 2 Ordering Data Pmcarement documents s h a l l  specify the fcll=wi;=g: 
( a )  T i t l e ,  number and date  of t h i s  specif icat ion 
(b)  Alloy type 
( c )  Product s i z e  and quantity 
(d) Req.czirement f o r  elevated t e n s i l e  test.ing ( if  applicable) 
6.3  Definitions. 
6.3.1 Sheet. 
6.3.2 Str ip .  
611 wide o r  over and 3/16" thick o r  l e s s  
Less than 611 wide and 3/1611 th ick  o r  l e s s ,  

MATERIAL SPECIFTCATION 
P'SROLPTIC GRAPHITE 
1. SCOPE 
1.1 Scope, This specification establishes t h e  requirements f o r  
pyrolytic graphite produced by vapor deposition. 
2. APPLICABIX DOCUMEN'S 
None 
3.1 Manufacture. The materials covered by t h i s  specification a re  
produced by thermal decompo3ition of a hydrocarboa gas on a hot surface and 
deposita so tha t  t he  direction of high strength and high thermal c o n d x t i v i t r  
i s  always pa ra l l e l  t o  the depositiori 3zrface. 
3.1.1 Unless otherwise specified and agreed t o  between vendor and the 
customer only the  following physical t e s t s  and qua l i ty  measurements will be 
performed. 
3.2 Plate. Flat p la te  o r  machined shapes produced from plate.  
3.2.1 Density gndcc a t  77OF + 5 2.20 2.02 
(as  d e t e h e d  by d i f f e ren t i a l  weighing i n  a i r  and CP 
carbon te t rachlor ide)  
3.2.2 Nodules.(Conical Growth Defects) The following nodiile eizey 
and dis t r ibut ion will be considered the maximum allowable i n  pla+,e material: 
WIMUM NO3UP;E SIZE AI;LXIWABLE 
S i  z e-Round Thi ckne E s 
or  Square 1/8" * 3/8" 1/2" 5/slr 
2" t o  4" 0 09h 156 e 250 .312 -40.6 
411 t o  611 125 ,203 e 312 k06 0 530 
up t o  21' .062 ,125 187 e 250 .312 
611 t o  811 ,156 250 375 a 500 ., 500 
811 t o  101f 0 203 312 0 437 .TOO 500 
10" t o  121' .250 3'95 500 0 500 500 
187 
MINlMuX DISTANCE BETWEEN EDGES OF NODULES 
OF MAXLMUM SIZE 
Siz e-Round Thi ckne s s 
O r  Square 1/81! 1/411 3/81! 1/21! 3/81! 
up t o  2" 1 1 1 1 1 
2" t o  4" 7/8 !7/8 15/16 1 1 
411 t o  611 13/16 13/16 15/16 1 1 
611 t o  811 3/4 3/4 7/8 1 1 
1 
1 
3.2.3 Surface flaws. The e-osed surfaces of the  p la te  para l le l  t o  t ne  
!'a1! direct ion sha l l  be free ~f cracks when ercamined Visually, and sha l l  not, be 
v is ib ly  marked (grooved or  gouged) by measurir4 instruments E n a l  Inspe.r% ;: 
f o r  cracks sha l l  be made by a penetrant dye check a f t e r  f i n i sh  machirdng accwdirg 
t a  t he  appropriate Military Specifications, 
3.2.4 Delamina+,ions. The exposed surfaces of the  plates  para l le l  t s  
t he  Irctf direct ion shall be f r e e  of major delaminations when examined -sis.;ally; 
and s h a l l  not be v is ib ly  marked (grooved o r  gouged) by the  measuring ixiztrumentr. 
No delaminations sha l l  extend more than one-fourth the  length of the  s ize  3x1 whit?, 
it appears. 
i n  any material  up t o  1/41! i n  thickness, and no more than three  through the  th ick-  
ness i n  material between 1/1!+!! and 1/21! thick.  
sha l l  be made by a penetrant dye check a f t e r  f ina l  machining according t:, the  
appropriate Mili tary Specifications, 
There sha l l  be no more than two delaminat3ons through t h e  t h i c m e r s  
f ina l  inspection f o r  de1mhatix-F. 
Bow in p la te  as  deposited: 
For L Thickness t Maxfim-a 
pip t o  3/8l! lo 
2O up t o  1/21! 
811 and above up t o  1/21! 
302.5 Purity,  Total ash content by combustion - 0.0i-% 
- 0,005% typo 
3.2.6 Mbimum flexural strength !!a!! direct ion - 12,030 pizi {Icactd 
pa ra l l e l  t o  the  surface of deposition mino at IE9;). 
3.3 GTlinders. H o i l ~ w  cylinders and closely related shape- S - X ~  a' 
ovals, cones, e tc ,  
3.3 .1  Density &cc a t  77'F 2 5 2,20 2 .3f 
(as determined by *different ia l  weighing i n  air  azd CY 
carbon te t rachlor ide)  
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3.3.2 Nodules.(Conical Growth Defects) No nodule o r  c lus te r  of nodules 
(nodules touching each other) s h a l l  be la rger  i n  diameter than equal t o  t h e  cylinder 
w a l l  thickness f o r  a l l  thicknesses up t o  and including 1/2" material. 
ders  with w a l l  thicknesses greater  than 1/211 t h e  nodule s i ze  and d is t r ibu t ion  s h a l l  
be agreed upon between vendor and the  customer., 
t h a t  no more than two nodules of t he  maximum size s h a l l  be closer  than 1'1 apart .  
I fa l l  d i rect ions shall. be f r e e  of cracks when exemined visually; and Ehall not be 
v i s ib ly  marked (grooved o r  gouged) by measuring instruments. 
f o r  cracks s h a l l  be made by a penetrant dye check after f in i sh  machining aceordir!  
t o  t h e  appropriate Mil i tary Speeifications. 
For cylin- 
Nodule d is t r ibu t ion  s h a l l  be such 
3.3.3 Surface Flaws. The exposed surfaces of cylinder pa ra l l e l  t o  the  
f inal  inspection 
3.3.4 Purity. Total ash content b r  combustions - 0.01% 
m;wdmum - 0,005% 
3 -3.5 Tensile Strength llall directior,  10,300 p i  
(pulled i n  the  plane pa ra l l e l  t o  t h e  surface cf depooitior; 
min, a t  RT). 
3.3.6 Compressive S t r e w n  parallel t o  flalf dfr. 10,000 pc-i 
min. a t  IET para l l e l  t o  "elf dip. 45,000 pt3f 
3 .3 .7  Thermal Ecpazsion pa ra l l e l  t o  Ilarl d i r .  O./  2 0.3 
(x b/iXi/'F pa ra l l e l  t o  r l ~ l l  d i r .  15.0 f- 3.0 
a t  1OOOOF) 
3.3.8 Thermal conductivity parallel t o  l l a l l  d i r ,  100 2 53 
para l l e l  t o  IlefI d i r .  1.0 + 0.5 2 -1 oF-l BTV-f t - f t  h r  
6 3.3.9 Elas t ic  Mo&dus min. a t  RT 3 x 10 p s i  P l a t e  orJy 
3.3.10 Minim.un Flexwal  Styength llall direct ion - 12,000 psi ,  cylinder: 
only. (loaded parallel tc,  t he  surface of deposition min. a t  RT). 
3.3.11 b t e r n a l  resid-Gal s t r e s s  -- inner f i b e r  bending ?tress pzi 
maxbum - 5,O0Oi cylinders o d y  (A 7/8 inch wide ring from one end of eaen 
cylinder s h a d  be provided f o r  measuring in t e rna l  resid'ual s t r e s s  before maehk-i :~ 
The in t e rna l  residual stress i s  a function of t h e  thickness-to-radius r a t io . )  
3.3.12 Out-of-Roundness difference in diameters 90' apart a f t e r  
machining in., 2 .003 t o  ,005 - cylinders only. 
3.4  Dhensional Measurements The dimensions and tolerances h c l ~ d ? g  
surface f in i sh ,  w i l l  be held according t o  t h e  customer's engineering drawhgs a i  
agreed t o  by t h e  vendor by acceptance of t h e  purchase order. 
3 & . 1  Cert i f icat ion,  'Three copies of a Cer t i f ica te  of Ta;st b e ,  
furnished upon reqcest s t a t ing  t h a t  t h e  prod'xt conforms t o  the  rqxLremext.- of 
ou r  standard t e s t s  and any other t e s t e  agreed upon mutually by the  vendor a d  t he  
customer. 
form or par t  number, quantity,  and dimensionalmeasurements. Where agreed 53 mut-ully 
between t h e  vendor and %he msbmer, process data including furnace cycle t ine5 
and temperatures, and types of gases used w i l l  be furnished. Detailed drawizg: 
o r  sketches of t.he ?Awnace hardware w i l l  not be provided. 
T h i s  repor% W i l l  h c l z d e  the  p.;zrchase order number, P i c e  rm mm3er. 
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3 -4.2 ' e A l l  parts will be clear ly  ed t o  show part 
number, lot numb 
o r  displace the  parent material of the  part. 
t o  insure t h e  product during shipment and storage w i l l  
from exposure t o  weather o r  any normal hazard. 
4. QUALITY ASSURANCE PR9v3cSIOXS 
a w a y  t ha t  t he  marking does i n  any way remove 
3.5 Packaging;, Packaging sha l l  be accomplis 
4 -1  
4.1.1 Certif ication. The mppl ie r  s h a l l  cer t i fy  tha t  each shipment, of 
material  made t o  t h i s  specification conforms t o  the  requirements of t h i s  specificatior,, 
4.1,2 Responsibility, Gnless otherwise s ta ted on the  applicable 
purchase order or other procurement document, acceptance t e a t h g  sha l l  be perfxni;.j  
by the  aupplier. 
s e t  for th  i n  t h i s  specification where such inspections a re  deemed necewary t o  
assure tha t  the  material conforms t o  prescribed reqGirement,s. 
'IRW Systems reserves the  r ight  t o  perform any of the inspectixi:  
4.1.3 ReJection and resubmittal. Material not conf~rming t o  a l l  of 
t h e  requirements of t h i s  specification sha l l  be subject t o  rejection. 
sha l l  be accompanied by a statement prov5ding evidence of corrective action, 
Resu'smit',al 
4.2 Test Metiiods. 
4,Z.l Chemical Composition. The methods f o r  sampling and a;laly;i-: ;:la11 
be those agreed upon between TRW and the  supplier. 
5. PREFARATTOIJ FOR DELIIiEF4.Y 
5.1 Packaging. A l l  material ' shal l  be packed and packaged i n  a rna:;x 
t ha t  w i l l  prevent damage e*1 tramit and rtorage. 
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MATERIAL SPECImCATION 
STEEL, CORROSION- AND HEAT- ~ C A L L Y  STABILIZED) 
PLATE, SHEGT, 
1. SCOPE 
1 
pla t e ,  shee 
and a high order of weldability. 
posit ions indicated by t ab le  I, and designated a s  columbium stabi l ized,  titanium 
s tab i l ized ,  o r  columbium-tantalum stabi l ized.  
type may be furnished, except t h a t  a l l  material  furnished on an individual ordsr 
s h a l l  be of one type only. 
1.2 Classification. Materials s h a l l  be furnished t o  t h e  chemical 
Unless otherwise specified,  e i the r  
2. APPLICABLE DOCUMENTS 
2.1 The following docummts, of t he  i ssue  i? effect  orr date of imi- 
t a t i o n  f o r  bids,  form a par t  of t h i s  specif icat ion t o  t h e  exter,cU Fpecified herein: 
STANDARDS 
Federal 
FED. STD. Tolerances f o r  S tee l  and X r x  
NO. 48 Wrought Products 
FED. TEST METHOD Metals; Test Methods 
STD. NO. 151 
Military 
MIL-STD-163 
MIL-STD-183 
S tee l  M i l l  Products Preparation fo? 
Continuous Ident i f icat ion Marking of 
Shipment and Storage 
Iron and S tee l  Prodwt.7 
3 - 1  Material. The steel s h a l l  be manufactured by the  electric-fu,nGce 
Suff ic ient  discard s h a l l  be taken from each ingot t o  in-me freedom f2am process. 
injur ious piping and undue segregation. 
3 02 . The chanical composition shall be b ac?ca,-darLc.5 
with t a b l e  I. 
Unless otherwise specified,  material3 s h a l l  be fwr;i;.hed 
i n  t h e  follow 
-rolled,  solution heat t rea ted ,  and pickled 
f in i sh ) .  
l l e d ,  solution heat t r e  
1 s t r i p  f in i sh ) .  
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( c )  Plate:  Hot-rolled, solution heat t rea ted ,  and pickled. 
TABIX I 
CBEMICAL COMPOSITION 
Garbon 
Manganese 
Phosphorus 
Sulfur 
Chromium 
Nickel 
S i l i  c 33 
Molybdenum 
Copper 
Columbium 
Titani-an 
Cdumbium 
plus 
tantalum 
Iron 
- 1/ small quanti 
Gb 
(percent ) 
2.00 (max) 
0,08 (max) 
0.040 (max) 
0.030 (max) 
17 O/l9 0 
9.0/13 ., 0 
c 0 059- 1.00 
1.50 (Inax) 
0.50 
10 x carbon (&in) 
1.15 (max) 
Remainder 
es of cer ta in  elen 
Composition Type 
T i  
(percent) 
0.08 (max) 
0,040 (max) 
0.030 (max) 
17.0/17.0 
8 0/11 0 
2.00 (max) 
0.040-1.00 
1.50 (max) 
0.50 (max) 
--- 
6 x carbon (min) 
0.75 (-1 
--- 
Remainder 
i t s ,  which a r e  not s 
%-Ta 
(percent.) 
0.08 (max) 
0,040 (max) 
2.00 (max) 
10 x carbon ( m u ;  
1.2.5 (mju 
Remainder 
:if ied or r e q - i i r d  , 
may be present .) 
0 5 percent ., 
The d e t e d n a t i o n  of tanzal:im is  not. mandatory. However, i f  t.a;--.i,alizm 
i s  determined, it s h a l l  m t  exceed 0.4 times the  sun of t he  :c>:mbium 
plus t he  antalum content. 
The aggregate amom* of such elements sha l l  not exceed 
Mechanical Properties 
Tensile Strpength, PSI Elongation, Percent ir: 2 2 x 3 ~  
100,000 (max) 40 (inin> 
3.4.1 Bendiq,  Material s h a l l  withstand, without cracking, bending 
a t  room temperature tnrozgh tne  angle indicated below around a diameter equal 
t o  the  nominal thic’mess of the  material, with axes of bends both perpeadicalar 
and pa ra l l e l  t o  the direct ion of rCLing: 
Naminal Thickness 
O.;sC9 and under 
Over 0.249 t o  0,749, i nc l .  
(inch) 
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Angle Degrees 
(min) 
180 
90 
3*5 Dimensions and tolerances.  Dimensions s h a l l  be as specified b-- 
t h e  contract  o r  purchase order. 
i n  Federal Standard No. 48. 
Dimensional tolerances s h a l l  be aa specified 
3.6  1dentificat.ion of product. Marking s h a l l  be i n  accordance with 
Standard MIL-STD-183. The marking legend s h a l l  include t h e  following items: 
Spec i f  i c a t  ion  MIL-3-  67 21B 
Composition designation (Cb, T i ,  o r  Cb-Ta) 
3.7 Workmanship, Material s h a l l  be uniform i n  qua l i ty  and condition, 
clean, sound, and free from sca le  and foreign mater ia ls ,  and f r e e  from defects 
(including seams , laminations , o r  b l i s t e r s )  detrimental t o  t h e  fabricat ion o r  
eervice l i f e  of par t s ,  
Le QUAETY ASSLRANCE PRDviSIGNS 
4.1 Inspection respomibi l i t j l .  The supplfer i s  respowible  f. z a  the  per- 
formance of a l l  il.,.ipectfon requirements as specified herein. 
specif ied,  t h e  mpp l i e r  may .;tilize h i s  own o r  any ather  inspectioz f a c l l i t i e ?  
and services acceptable t o  t h e  Government. 
and t e s t s  s h a l l  be kept comp1et.e and avai lable  t o  t h e  GovemeRt a s  epexifiec! 
i n  the  cor,tract o r  order. 
inspections s e t  fcrrth in t h e  specif icat ion where such i n s p e c t i o x  a r e  deemed 
necessary t o  assure sirppliea and aerv5ces conform t o  prescribed requiremerit 2 , 
Ekcept a:. 3therwise 
Jhspection record- of %he exa,mina%ioz 
The Government reserves t h e  r igh t  t o  perform ara- sf t h e  
4.2 C1a:tsification of t e s t s .  A l l  t h e  t e s t  required herein f ~ r  .%e
tes t ing  of st.eel a r e  c l a s s i f i ed  a s  acceptance t e s t s ,  f o r  which necer..aal-$ 
r~ampling techniques and methoda of t e s t ing  a r e  specified i n  t h i s  sectior, .  
4.3 Examination of product. Suff ic ient  spot checks sha l l  be made t o  
insure conformance t o  t h i s  specif icat ion w i t h  respect t o  i d e n t i f i c a t i m ,  work- 
manship, and tolerance requirements. 
4.4 Chemical analyrsis 
4.4.1 Sampling. Samples f o r  chemical analysis s h a l l  be seleered by 
t h e  inqpector a s  decribed ir_ Federal Yest Method Standard No, 131, t o  ?eye-e:- 
each heat from which materials a r e  presented f o r  acceptance, a t  one time- 
sample shall *:oneist of not less than  2 ounces of material .  
A 
4,4.1.1 Samples for  ciiemical analysis may be waived a t  the  d i : c r f t i z  
or' t he  inspector,  p r o ~ i d e d  tha t  a l l  of the  mater ia l  under inspection can be idezti. 
f i e d  a s  being made from a heat previoasly analyzed and fouzd t o  be i n  c 3 3 f ~ m ~ c ~  
t o  t h e  chemical composition specified herein. 
4.4-1.2 The method of select.ing samples specified abme is based on t3= 
assumption tha t  t h e  material i~ produced from ingots  f r o m t h e  same heat a t  oLne 
time and i s  es sea t i a l ly  homogenemt-; i n  a l l  respects. If t h e  material  i s  t.aken 
from stock and i s  not i den t i f i ab le  as t o  heat and methad of mamfact-me, o r  i f  
t h e  iden t i ty  of any portion of the  shipment is obscure i n  any rePpect, -:.ne 
inspector s h a l l  s e l ec t  t'ne necessary addi t ional  samples t o  determine CO~XGXIEG-X~ 
of a l l  portions of t he  shipment t o  t h i s  specification. 
I .  
4.4.2 Method of analysis. Analysis s h a l l  be accomplished i n  accx2anc.i.; 
with Meth3d 111.1 o r  112,,l, as applicable,  of Federal Test Method Standad  
No. 151. 193 
4.5 EhbrYttlement t e s t .  
4.5.1 Sanplinq. Fhbrittlement t e s t s  w i l l  not normally be required. 
However, i n  t h e  event t h e  Government representative has reason t o  question t h e  
corrosion resis tance of t he  materials,  embrittlement tests s h a l l  be conducted on 
not more than two samples selected a t  random from each heat of s t e e l  represented. 
Two specimens not l e s s  than 3 inches i n  length by 1 inch wide s h a l l  be cut from 
the  sample( s)  . 
4.5.2 Method of t e s t ,  The specimens s h a l l  be sensi t ized by heating 
within t h e  temperature range of 1,020° t o  1,050°F f o r  48 hours. 
sens i t iz ing  treatment and pickling t o  remove any scale  which may have formed, 
ac id i f ied ,  copper su l f a t e  solution of the  following proportions: 
After t he  
Copper su l f a t e  ( CUSO, 53-0) 
Sulfur ic  acid ( H  SO. ) (sps ,grg 1.84) 
Water (d i s t i l l ed?  ' 
e c r .  
10 gm. 
10 ml. 
90 ml. 
( A  r e f lux  condenser o r  similar device s h a l l  be w e d  t o  
prevent changes i n  coneentration of t he  solution. ) 
A t  l e a s t  35 ml.  of t he  above solution s h a l l  be used f o r  each square inch of 
exposed specimen surface. In a l l  cases, however, the  specimens sha l l  be covered 
with solution. 
4.6 Tensile t e s t .  
4.6.1 Sampling. Two o r  more t e n s i l e  t e s t  samples (one o r  more f x m  
each end of t he  c o i l )  eha l l  be selected from each co i l .  
i n  sheet o r  p l a t e  form, one o r  more t e n s i l e  specimens s h a l l  be selected f ' x m  each 
100 sheets o r  f rac t ion  thereof of each l o t  of material  produced under the  same 
processing conditions, from the  same heat ,  of the same physical condi t im,  t h e  
same thickness,  essent ia l ly  uniform i n  a l l  respects,  and submitted f o r  acceptanye 
a t  one time. 
When material  l c  prxiuced 
lr.6,2 Preparation of apeeimens. Tensile specimens s h a l l  be prepare: 
t o  conform t o  type Fl. o r  F2, Method 211.1 of Federal Test Method Standard ;I,<> 
151, and s h a l l  be prepared with t h e  lang a x i s  perpendicular t o  t he  direct ion 
of rolling when the  width of t h e  material. W i l l  permit,. 
4.6.3 Method of t e s t .  Tensile t e s t s  s h a l l  be conduc+,ed. in accordance 
with Method 211.1 of Federal Test Method St,andard No. 151. 
4.7 Bending. 
4.7.1 Sampling. Two o r  more bend t e s t  specimens, one longi 
one t ransverse,  s h a l l  be selected from each c o i l ,  each l o t  of 100 sheets ( x  
f rac t ion  thereof)  , o r  each l o t  of 10 p la tes  (o r  f r ac t ion  thereof);  each l o t  t o  
be of t he  same heat,  thickness, and physical condition. 
4.7.2 Methad cf +,est. Testing s h a l l  be i n  accordance with Method 231.1 
of Federal Test Nethod Stamlard No. 1510 
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4.8 Rejection. Materials f a i l i n g  t o  meet a l l  t h e  requirements of thi.5 
spec i f ica t ion  s h a l l  be rejected.  
4.9 Preservation, packaging, p a c k i w ,  and markinq. Preparation f o r  
del ivery s h a l l  be inspected f o r  conformance t o  section 5. 
5 -1 Preservation, packaging, and packing. 
5.1.1 Level A .  The material  s h a l l  be properly separated by class  and 
s i z e  when prepared f o r  delivery. 
i n  accordance With Standard MIL-STD-163. 
Materials s h a l l  be preserved and packaged 
5al.2 Level C;, Material3 s h a l l  be packaged i n  accordance with c3m- 
mercial practice.  
5.2 Marking of shiwnents. Marking and labeling s h a l l  be i n  accordance 
with Standard Mn-sT~-163. 
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APPENDIX B 
MATERIALS TRACEABILITY PROGRAM 
1. PURPOSE 
To es tab l i sh  a procedure for  determining and implementing t r aceab i l i t y  
requirements for  ident i f ica t ion  and marking of par t s  and materials incorporated 
in to  TRW contract  hardware items. 
2. GENERAL 
Traceabili ty s h a l l  be accomplished through the ident i f ica t ion  of customer 
supplied, Contractor purchased, o r  subcontractor furnished material. Material 
t r aceab i l i t y  w i l l  be maintained by the ident i f ica t ion  of the fabricated items 
o r  by reference t o  supporting documentation and records which t race  the mater ia l ' s  
origin and his tory e i the r  by themselves o r  through intermediate documentation. 
3 .  POLICY 
3 . 1  The Engineering design drawing w i l l  specify the  t r aceab i l i t y  c l a s s i f i -  
cation code for  a l l  items requiring s e r i a l  numbers or  l o t  t raceabi l i ty .  
3.2 Where compiling l ists  of items requiring the application of traceabilFty 
requirements, the  following should be considered: 
(a )  
(b) 
(c)  
(d) 
( e )  
h t c h e d  items of hardware which may require replacement i n  se t s .  
Par ts  and/or components having a spec i f ic  " l i fe"  t h e  and cycle l imita-  
t ion .  
A l l  components requiring interchangeabili ty a t  the black box o r  mjcr 
assembly leve l .  
Assemblies containing one o r  more ser ia l ized o r  l o t  controlled itemsv 
Par ts ,  components or assemblies which require unique da ta  to be 
recorded and maintained. 
( f )  C r i t i c a l  items or materials where judgement and experience indicate t h a t  
defec ts  would r e s u l t  i n  a sa fe ty  hazard. 
4. RESPONSIBILITY 
4.1 Pro.iect Office 
(a )  
(b) 
(c 
Establishes the  general c lass i f ica t ions  o f  materials,  par t s  and asseniblfe 
requir ing t r aceab i l i t y  control.  
Prepares and submits t r aceab i l i t y  control l i s t i n g  t o  the customer when 
required by contract. 
Monitors the  t r aceab i l i t y  assignments made by design organizationso 
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Qualitv Assurance 
Coordinates with Project Office as required on material  t r aceab i l i t y  
matters 
Monitors a l l  material  t r aceab i l i t y  a c t i v i t i e s  t o  assure compliance 
with the requirements of t h i s  document. 
Reviews, evaluates and approves vendor t r aceab i l i t y  procedures and 
l is ts .  
Performs physical and chemical t e s t ing  of raw materials a s  necessary. 
h i n t a i n s  surveil lance over a l l  storage,  fabr icat ion,  inspection and 
t e s t  operations t o  ver i fy  continued va l id i ty  of ident i f ica t ion  and 
t r a c e a b i l i t y  of materials 
Functional Divj sions 
Establish and maintain material  handling, storage,  t r aceab i l i t y  
accounting records, and controls and procedures t o  insure continued 
v a l i d i t y  of prescribed t r aceab i l i t y  and ident i f ica t ion .  
5. PROCEDURE 
Project Office 
( a )  The Project Office establ ishes  and controls l i s t i n g  of par ts  and 
materials subject t o  t raceabi l i ty .  
these determinations in to  a chart  summary format similar t o  t ha t  
shown i n  Figure B-1, 
The Project Office incorporates 
5.2 Receivine: InsDection 
(a) Complete qua l i ty  da ta  f i l e s  a re  maintained on a l l  procured contract 
materials whether such materials a re  inspected a t  the suppl ier i ;  plant 
o r  upon rece ip t  
(1) 
( 2 )  h t e r i a l  Cer t i f ica tes  
( 3 )  Physical/Chemical Test Reports 
( 4 )  Non-Conforming h t e r i a l  Reports 
( 5 )  
Quality Inspection Verified Receiving Report 
Miscellaneous Inspection and Test Data 
(b) When mater ia l  t r aceab i l i t y  and ident i f ica t ion  a re  required by contract ,  
l o t  control  and s e r i a l  numbers a re  referenced on a l l  pertinent docu- 
mentation. % 
5.3 Fabrication and Assernbly 
( a )  A l l  kits and material  disbursements from s tores  o r  staging are  inspected 
and t r aceab i l i t y  and ident i f ica t ion  ver i f ied a s  being noted on new o r  
Shop Orders" 
' next documentation such a s  "Parts Accumulation L i s t "  and "Manufacturing 
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r TUCEABILITY IDENTIFICATION I 
YES 
PARTS REQUIREMENTS CLASSIFICATION ASSIGNLD DY DESIGNATION LLVEL 
~ -~ 
SERIAL NUMBERS OF INDIVIDUAL PIECE PARTS, IU8AIStMBLIES 
WHICH MAKE UP THE t N D  ITEM, PLUS TRACEABILlT< RECORDS 
FROM THE ASSEMOLY LEVEL UP, COMPILtD INTO THE N A I U T I V E  
END ITEM REPORT 
REMARKS 
MUOR SUKONTUCTOR 
FABRICATED ASSEMBLIES 
J5TL DRAWINGS) 
APPLICABLE SYSTEM,' 
SUBSYSTEM 
ISPACECRAFTI r- I 
I 
1 1 1 
SUPPLIER 0 SERIALIZED OPIIONAL YES PIEDELIVERY TUCEADILITY RECORDS RETAINED DY SUKONTUCTOR,  
SEE NOTE 2 I (CMP 3 2) AFTER RECEIPT AT STL. TRACEABILITY MAINTAINED O N  SUIMRTING 
ASSEM8LlES 
L 
MAJOR SUKONTUCTOR 
FABRICATED ASSEMBLIES 
(SUPPLIER DRAWINGS) 
PUOJECT OWICE 
SUPPLIEY SERIALIZED 
OPTIONAL 
fCMP 3 31 
SERI ACIZED 
FLIGHT UNITS- 1001 
A N D  UP, 
QUAL. UNITS-QIWI 
A N 0  UP, 
PROTO. UNITS-PIWI 
AND UP 
(CMP 3.2) 
STL FABRICATED QA 
PIECE PARTS TUCEABI L ITY 
CONTROL 
PROJECT OFFICE 0 SERIALIZED 
ENGINEERING e 
SEE NOTE 2 
SERIAL NUMDER 
WI AND UP I (CMP 3.2) 
_-  
SERIALIZED 
SEQUENTIAL NUMBERING 
SYSTEM 
I 
SERIALIZED YES 
SEQUENTIAL NUMBERING 
SYSTEM 
LOT CONTROL NUMDERS OF MATERIALS. SERIALIZED nECE PARTS 
AND SMASSEMDLIES WHICH MAKE UP THE ASSEMILY PLUS 
TRACEADILITY RECORDS COMPILED AND MAINTAINED DY THr a A  I DATA CENT€R 
PREDELIVERY TUCEAIJILITY RECORDS RETAINED DY SUKONTUCTOR,  
AFTER RECEIPT AT STL, TRACEMILITY MAINTAINED ON SUP?ORTING 
TUCEA~IL ITY DOCUMENTATION AND RLCORDS SUKONTUCTOR'S 
MATERIAL TRACEABILITY SYSTEM SHALL BE APPROVED DY STL, RECORDS 
AND SYSTEM SUDJECT TO PERIODIC STL AUDIT 
HIGH RELIAI)ILITY HIGH REL1AI)lLITY SERIALIZED YES 
SCREENED PARTS SCREENING SEC SEQUENTIAL NUMDERING 
SYSTEM 
STANDARD HARDWARE RECEIVING LOT NUMDER 
ITEMS INSECTION SEE NOTE I No 
( A h  AND MS, ETC ) 
COMMERCIAL OFF- EXEMPT N /A N O  
THE-SHELF lTEMS 
TRACEADILITY DOCUMENTATION A N D  b?CORDS S&CONT&TO~*S 
l E S T  DATA RKORDS RETAINED 8Y HIGH RELIABILITY SCREENING 
SECTION 
PART LOT CONTROL NUMBER ASSIGNED 8V RECEIVING INSPECTION, 
TUCEADILITY IDENTIFICATION MARKED ON INDIVIDUAL CON-  
TAINERS. LOT NUMDER NOTED ON STOSS RECORDS AND 
TRANSCRIBED TO DlSlURSEMENT DOCUMENT6I UPON I Y U E  
RAW M T E R I A L  
LIMITED SHELF LIFE 
ITEM 5 
RECEIVING LOT NUM8ER YTS RAW MATERIAL LOT IDENTIFIED UPON RECEIPT, IDENTIFICATION 
INSECTION SEE NOTE I MAINTAINED DURING STORAGE, TUCEAIIILITY IDENTIFICATION 
TUNSCRIBED 7 0  DISBURSEMENT DOCUMENT UCON ISSUE 
TUCfADILITY MAINTAINED THR0UC.H INTEI1MEDIATE DOCUMENTS 
THEREAFTER 
RECEIVING PART LOT YES INDIVIDUAL ITEMS AND/OR CONTAINERS LOT IDENTIFIED DY 
INSPECTION NUMDER AND DATE RECEIVING UPON RECEIPT ADDll lONALLY DATE CRITICAL LIFE 
WAS INITIATED AND/OR DATE USEFUL LIFE WILL BE EXENDED I S  
DESIGNATED THEREON 
SEE NOTE I 
FABRICATED PIECE PARTS 
LSTL DRAWINGS) CONTROL 
TUCEABI L ITY 
TRACEAOICITY RECORDS AND DOCUMENTS RETAINED DY THE 
COGNIZANT ACTIVITY I 
\NOT€ I-LOT NUMIER NOTE 2-SYMBOLS 
PO 54321 
FIRST SHIPMENT OF MATERIAL 
OR PARTS QUALIFYING AS A LOT 
PROCUREMENT DOCUMENT NUMIER I 
I T Y E  O F  PROCUREMENT DOCUMENT, 
t I L  
PO = PUKHASE ORDER 
P O I  = PUKHASE ORDER RELEASE 
CPO = CASH PURCHASE ORDER 
WR = WORK RELEASE 
0 
0 
e 
e 
m 
0 
0 
7 
s 
W O R  FABRICATED ASSEMBLIES 
COMDUSTION CHAMBER ASSEMDLY 
THRUST MOUNT PICK-U( AND GIMDAL 
NOZZLE EXTENSION ASSEMDLY 
ELECTRICAL PACKAGE 
LINKAGE INST. -ENGINE 
INJECTOR, VARIABLE AREA 
FLOW CONTROL VALVE, F VEL 
FLOW CONTROL VALVE, OXIDIZER 
SHUT-OFF VALVES 
THROTTLE VALVE ACTUATION ASSEMBL 
ASSEMBLY 
Y 
STL D U W I N G  NO 
104275 
IMRP 
I M76 I 
1 04772 
I04737 
104202 
104698 
I 04762 
101619 
101622 
-SEE FIGURE 
201 FIGURE B-1. T Y P I C A L  TRACEABILITY SUhlMARY CHART 
5 * 3  Fabr i c a t  ion and Assemb lY (continued 1 
A Manufacturing Data Package i s  i n i t i a t e d  by the  preparation of 
Manufacturing and Qual i ty  Assurance copies of the MSO and PAL. 
The Quality Assurance copies of these documents are  provided for  
inclusion i n  the  Data Package. 
A l l  document4ation ‘ in i t ia ted  during the course of the manufacturing, 
assembly and inspection which r e f l ec t  the manufacturing, configuration, 
s e r i a l i za t ion ,  or qual i ty  h is tory  of contract  material  a re  recorded on 
the  MSO o r  PAL (or t h e i r  equivalent). 
with o r  i n i t i a t i n g  such documents a re  responsible for  the recording, 
ve r i f i ca t ion  and/or inser t ions  of copies i n  the data  package, Quality 
Assurance keeps the data  package up-to-date. 
The MDP must accompany the material  with which it i s  associated a t  a l l  
t imes,  including rework and Material Review. 
When the l a s t  inspection operation i s  completed, the inspector ve r i f i e s  
t h a t  copies of a l l  applicable documents a re  accounted f o r ,  val idates  
t he  MSO, and forwards the da ta  package t o  Quality Assurance Data 
Center. Quality Inspection w i l l  a t tach an Acceptance Tag t o  the 
hardware signifying complete and accurate records, and perform confi- 
guration ver i f ica t ion  a s  required. 
Throughout a l l  operations,  material removed and replaced must be 
documented t o  ensure that. the  l i n e  of t r aceab i l i t y  and ident i f ica t ion  
i s  not l o s t  o r  broken. 
Inspection personnel concerned 
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APPENDIX C 
IHCOS ENGINEERING DESIGN DRAWINGS 
BE100-00 Isotope Heated Catalytic Oxidizer Assembly 
BEl00-02 Screen Lower 
BElOO- 03 Screen Upper 
BE100- 04 Cover 
BE100- 05 Body Assembly 
~ ~ 1 0 0 - 0 6  Body Outer 
~ ~ 1 0 0 - 0 8  Base Flange 
BE100-01 Body Inner 
BE100-07 Fin 
BElOO- 09 Irile t- Outlet Duct 
BE100-10 Inlet-Outlet Duct Seal Plate 
BE100-11 H-X Insulation Upper 
BE100-12 H-X Insulation Lower 
BElOO-13 Body Insulation 
~ ~ 1 0 0 - 1 4  Cover Insulation 
BE100-15 Heat Exchanger 
~ ~ 1 0 0 - 1 6  Outer Canister 
BElOO-17 Canister Cover 
BE100-18 Spring 
a03254 Resistively Heated IHCOS Heat Source Assembly*. 
a02727 Member, Reentry 
a03255 Fin, Structural  Module 
X403256 Sleeve, Structural  Module 
X403257 Cap, End Structural  Module 
X.403258 Member, Transition 
X403259 Sleeve, Clad 
a03260 Cap, End- Clad 
X403261 Member, Strength* 
X403262 Sleeve, Liner* 
a03263 Cap, End-Liner* 
a03264 Element, Heater 
a03553 Core, Ceramic 
BE100-19 Pre-Sorbent Canister Assembly 
BElOO-20-3Ol Cover 
BE100- 2 1  Spring 
snoo-22-30S Compression Plate 
BE100- 23- 301 Body 
BE100-24-301 Screen Lower 
~~100-20-305 Cover 
BEl00- 2 1  Spring 
~~100-22-301 Compression Plate 
BE100- 23-305 Body 
BE100-24-305 Screen Lower 
BElOO-25 Post-Sorbent Canister Assembly 
-:t Presented i n  Classified Summary. 
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LIBRARY CARD ABSTRACT 
This report  describes the  development and design 
of an isotope-heated ca ta ly t ic  oxidizer t race con- 
taminant control system. 
establishing pre- and post-sorbend bed designs t o  
control po ten t ia l ly  poisonous contaminants and t o  
control contaminants t h a t  might produce undesirable 
products. A 180-day evaluation t e s t  of the pre- 
sorbent bed, ca ta ly t ic  oxidizer, and post-sorbent 
bed system was conducted. Tests were conducted t o  
es tab l i sh  the fabricat ion and joining techniques and 
the compatibility be tween the isotope heat source 
materials of construction. Additional. tasks included 
evaluation of candidate e l e c t r i c  heater concepts f o r  
use i n  a simulated isotope heat source and evaluation 
of thermal insulat ion concepts f o r  IHCDS. Detailed 
design drawings of the system including ca ta ly t ic  
oxidizer, pre-sorbent bed and post-sorbent bed were 
prepared. 
The program included 
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